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Abstract
This project investigated the regeneration capacity of a remnant of the endangered plant
community Cumberland Plain Woodlands. Many studies have investigated the effect of
disturbances such as fire, grazing and trampling on the regeneration ability of species in
many different communities. Few studies, however, have measured the interaction
between these disturbance factors. In the Sydney region, even fewer studies have
measured the interaction which different disturbances have on species within the
endangered plant communities of the Cumberland Plain, with most research
concentrating on the vegetation growing upon Hawkesbury sandstone.

This research was undertaken within one of the largest remnants of Cumberland Plain
Woodlands located at Holsworthy Military Area in southeastern Sydney. This area has
been part of the army training area for the last 100 years and forms the boundary of two
geographical regions, the Cumberland Plain and the Woronora Plateau. Past
management practises have involved the presence of frequent fires with the ability to
contain these fires hampered by the presence of unexploded ordnances. There was little
shrub or eucalypt regeneration occurring in the study area and it was believed that this
was a result of the interaction between these fires and herbivores on the range. The site
provided an ideal area to study the interaction between disturbances such as fire,
trampling by humans and grazmg on the regeneration of species in a remnant of
Cumberland Plain Woodlands.

An exclosure experiment found that after 18 months there was no effect of grazing or
trampling on the ability of species to regenerate following fire. There was strong
evidence to suggest that fire was important in the regeneration of shrub and eucalypt
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species with greater richness and abundance measured following fire. The inclusion of a
wildfire in the experiment provided an opportunity to study the effect of fire season on
the regeneration of species in the understorey. The season of fire was only found to be
important for the regeneration of eucalypt species, with an indication that the timing of
seed release by the eucalypt species had more of an effect than simply the fire season
alone.

A dramatic change in the species composition was measured over the study period.
However, this was not due to the interaction between the disturbances and was believed
to be a result of favourable rainfall that occurred in the second year of the study.
Changes in the percentage cover of grasses versus non-grass species were measured
after 18 months and grazing was found to be more influential than the other disturbance
factors. More evidence is required to determine whether grass species affects the
diversity of non-grass species at Holsworthy in absence of disturbances.

Rabbits, swamp wallabies, wallaroos and eastern grey kangaroos were the four main
herbivore species identified foraging in the woodland at Holsworthy. The abundance of
scats was used to indicate the number of herbivores in the woodland. Low scat
abundances indicated that grazing pressure was low during the study. The location of
scats also indicated that herbivores did not favour the unburned areas and suggested that
the movement of animals was influenced more by a particular season rather than
whether an area was burnt or not.

Investigation of the soil seedbank found it to be dominated by native perennial herbs,
which supports other seedbank studies of remnants of Cumberland Plain Woodlands.
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Heating the soil seedbank to stimulate germination of species was found to be
favourable, with greater richness and abundance of species recorded at a temperature of
80°C compared with 40°C. This was found to be important for the regeneration of shrub
species, especially the legumes, whose seed dormancy was broken by the heat.

The research in this study found that fire is important for the regeneration of shrub and
eucalypt species in the understorey. Therefore, fire must form an important part of the
management of this area at Holsworthy. This project forms the basis of the experimental
and monitoring component of the Plan of Management for the area at Holsworthy and
provides worthwhile data that opens up a whole range of new research projects.
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Chapter 1
Introduction
1.1 Background

Plant communities experience a variety of natural disturbances (Pickett & White 1985)
including wind, flood, herbivory, tramping and fire. Such disturbances are defined in
the context of a disturbance regime, which is characterised in terms of spatial
distribution, frequency, interval, size, intensity, severity, and the effects on the
occurrence of other disturbances (Pickett & White 1985). Disturbances may be assessed
in terms of a disruption to ecosystem, community, or population structures, changes in
resource or substrate availability, or modification of the physical environment within
which plant communities exist (Pickett & White 1985). The recovery of a plant
community following a disturbance event is often described in terms of resilience
(Grubb & Hopkins 1986), not only with respect to the community as a whole, but also
including the adaptations of individual species. Community and species specific
responses enable the re-establishment and recovery of the pre-disturbance community
(Fox & Fox 1986a, 1986b).

Both fire and grazing are forms of disturbance that vary in frequency and intensity
(Grubb & Hobbs 1986). Understanding the influence that disturbance factors have on
the species richness and composition of a plant community is important when
considering the management of a particular community. However, little consideration
has been given to the study of the interaction between different types of disturbances
such as fire, grazing and trampling and the effect these disturbances have on species
within a particular plant community.
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1.2 Fire
Australia contains many fire-prone habitats (Gill et al. 1981). In Australia, fire is
recognised as one of the major disturbance factors across many different biotic
assemblages (Gill et al. 1981) and is an important factor in determining the diversity
and composition of species and vegetation structure (Whelan 1995). The ability of
species to regenerate after fire and the characteristics of the fire event are likely to affect
the species composition of the plant community. It is clear, however, that many species
have evolved in fire prone habitats and have adaptations that allow individuals to
survive fire events (Gill et al. 1981). Such adaptations include epicormic buds
(McArthur 1968), the ability to resprout from underground lignotubers (Auld 1990,
Bradstock 1990), and the establishment of soil-stored (Auld 1986a, 1986b, 1987) and
canopy seedbanks (Bradstock & O'Connell 1988).

Fire is a complex process, with many spatial, temporal and climatic processes
influencing how a fire may impact on both individual species and a community (Gill et

al. 1981, Whelan 1995). It is now well accepted that fires differ with respect to the
impacts on the Australian biota, and that fire regimes can have an important influence
on many ecological patterns and processes (Whelan 1995, Williams & Gill 1995). The
effect that fire regimes have on ecosystems is determined by factors such as the
frequency, intensity, season of burning, and type of fire (Gill 1975). The time between
consecutive fires is referred to as fire frequency. The rate of litter accumulation and the
species composition of the community determine frequency (Christensen et al. 1981 ).
Frequent fires have the potential to alter the species composition and structure of
different plant communities. Frequent fire events have been shown to reduce the
abundance and thus the dominance of plant species (particular! y Proteaceae) in a
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community (Cary & Morrison 1995). Similar effects are found for plant composition in
areas experiencing fire intervals that are too long (Fox & Fox 1986b), indicating that
this characteristic of the disturbance regime affects species composition and diversity.
The regeneration ability of plant species present in the community are the main
determinants of species composition in these communities. Certainly this is the case for
Hawkesbury sandstone communities where once germination or resprouting has
occurred after a disturbance, the species remain and re-establish the pre-disturbance
community (Muston 1987).

Benson (1985) has shown that some fire-sensitive species of Hawkesbury sandstone
vegetation have maturation times (period from germination to flowering) between 2-7
years. The implications of this study are that these species would require a fire interval
of no less than between 2-7 years to enable the populations to survive. Species
regenerating largely from seed are vulnerable to frequent fire (Clark 1988) as frequent
fires can cause the local extinction of species that failed to reach maturation within the
interval between consecutive fires.

The energy released by the fire front is referred to as fire intensity (Cheney 1981). The
intensity of a single fire event can have a significant impact on the regeneration of
species following fire. It will influence the extent of post-fire recovery and the relative
abundance of species regeneration from rootstock or from seed following the fire
(Christensen et al. 1981).

Low intensity fires favour species able to regenerate vegetatively (Christensen et al.
1981) and tend to only stimulate the germination of seeds from the upper level of soil,
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leaving the large proportion of dormant seeds in deeper layers of the soil (Auld &
O'Connell 1991). High intensity fires kill aboveground vegetation and may reach the
crown and kill large trees (Christensen et al. 1981). High intensity fires also stimulate
regeneration of species from the soil-stored seedbank, but they may kill seeds in the
upper layer of soil, whilst stimulating seeds buried deeper (Auld 1987).

Hard seeded species, such as the legumes, may require temperatures seldom obtained in
a hazard reduction burn of low intensity to regenerate (Purdie 1977, Shea et al. 1979
Auld & O'Connell 1991). As a consequence these species may disappear from the
standing vegetation of a community and over time may only exist in the soil-stored
seedbank.

The season of burning relates to the time of year in which a fire occurs. The effect of the
season of fire on the recovery and regeneration is a poorly investigated aspect of fire
regimes. The important determinant of fire season is climate (Whelan 1995). This is
important, as fire season will also influence the intensity of the fire. Late summer and
autumn fires will be more intense than any other time of the year due to the low
moisture content of fuel (Christensen et al. 1981 ).

Bradstock & Bedward (1992) used simulation models to determine the effect of season
of fire on seedling emergence in two Banksia species. They found that season of fire
affected the emergence when a 10% per month level of post-dispersal seed mortality
was simulated. They predicted that emergence was higher after summer fire and lowest
after winter fire. However, they found that there was a high level of year to year

5

variation in seasonal rainfall in the Sydney region and that fire season effects were not
predictable in the short-term for the population of two Banksia species.

Similarly, Whelan & York (1998) studied the germination of two Proteaceae species
typical of Hawkesbury sandstone vegetation following spring fires. They found that in
the Sydney region the season of burning might not have a great impact on timing and
amount of germination because rainfall is not strongly seasonal. They concluded that
variation between sites and years might have more of an influence than variation
between season of burning.

What is clear, however, is that the timing of a bum may have serious implications for
the post-fire recovery of species. This is serious concern for land mangers that use fire
as a management tool across different plant communities.

The role of anthropogenic fire in shaping the vegetation habitats of Australia is hotly
debated (see William & Gill 1995, Benson & Redpath 1997, Flannery 1998). The lack
of clear decisive evidence continues to fuel this debate. The use of fire as a management
tool is a major issue in maintaining ecosystem structure and function of plant
communities. Fire regimes have changed dramatically since the colonisation of
Australia by Europeans. In the Sydney region it has been speculated that infrequent
wildfires of high intensity have generally been replaced by frequent, low intensity
burning regimes (Clark & McLoughlin 1986, McLoughlin 1998) to reduce the risk of
loss of life and property in urban areas that are adjacent to bushland. The manipulation
of fire regimes to manage areas has important implications on plant communities.
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If the fire regimes of plant communities are going to be manipulated as part of

conservation strategies, investigation into the effect of different fire seasons on the plant
community as a whole, as well as component species needs to be assessed to determine
the long-term affects. I will investigate this for a remnant of Cumberland Plain
woodlands, a highly disturbed and threatened plant community occurring in the Sydney
region.

1.3 Grazing

Grazing by vertebrates is an important disturbance within plant communities. In
Australia, herbivory is conducted by both native vertebrates and introduced vertebrates.
I reviewed the literature on studies of grazing in Australia by both native and introduced
vertebrate species. Of the 26 studies assessed (Table 1.1) 14 (54 %) studied the effect of
introduced herbivores, 2 (8 %) assessed the effect of native herbivores, and 10 (38 %)
compared the effect of both native and introduced herbivore species. The high
proportion of research on introduced herbivores, reflects the extent to which introduced
herbivores have impacted on plant communities in Australia. In contrast, surprisingly
few studies have assessed the impact of native herbivores on plant communities. Often
there is a perception that native herbivores have a benign impact on plant species and as
a consequence are often overlooked in grazing studies. Theoretically, grazing by native
herbivores has the potential to cause the local extinction of palatable species in many
communities.

Most grazing areas in Australia occur on rich fertile soils, which are flat and undulating
(Wilson 1990). These are often areas where grasslands and grassy woodlands occur.
Early European settlers recognised grassy communities as good pastoral areas resulting

7

in their deterioration (Mcintyre & Lavorel 1994a, 1994b, Prober & Thiele 1995, Yates
& Hobbs 1997). Therefore, by their very nature, grasslands and grassy woodlands have
been prone to grazing by introduced herbivores.

Some generalisations can be made in regard to the effect of introduced herbivores on
Australian ecosystems. Generally there is a trend towards the reduction in the
abundance of palatable perennial forbs and grasses and an increase in annuals and
ephemerals (Wilson 1990). The remaining perennials are usually unpalatable. Shrub
densities usually increase as a direct result of the reduced competition from perennial
grasses and changes in the fire regime (Wilson 1990). Grazing by introduced herbivores
has affected more than 60% of New South Wales causing the decline in vegetation and
extinction of a number of species (Benson 1991). Different species of herbivores have a
different effect on vegetation (Wilson 1990). For example, in semi-arid areas sheep
have a more severe impact on the vegetation than cattle, as they are able to graze close
to the ground, limiting the survival of herbaceous species. Grazing by cattle has been
shown to alter composition and structure of subalpine grasslands and heathland
(Wahren et al. 1994). Cattle grazed on palatable forb and shrub species prevented largescale regeneration. This study also found that in the absence of grazing palatable species
increased in cover.

Clearly, there is a paucity of studies on the effect of native herbivores (see table 1.1),
especially in grassland and grassy woodland communities. Many grazing studies use
sites that have a history of grazing by introduced herbivores (see Lunt l 990a, 1990b,
Tremont 1994, Prober & Thiele 1995, Tiver & Andrew 1997), but have failed to
consider the impact of native herbivores.

Table 1.1 Summary table of Australian studies researching the effect of grazing and fire. Data summarised includes author, habitat/location, factors
studied, herbivore type and other factors and conclusions made.
Abbreviations: Sp., Species;
What
other
No. and size
Habitat/
Herbivores
Conclusions
Author
Location
studied?
factors
of sites

Studies that looked at grazing and fire
(a) Introduced herbivores only
Bryant
(1971)

S.E. Australia
alpine
woodland

regeneration
of snow-gum
seedlings
Experiment 1
abundances
Experiment 2
- abundance &
height
% cover of
Poa sp., herb
sp., litter,
shrub sp.
Themeda
australis

sheep
summer grazing

periodic
fires

Experiment 1 grazing

Experiment
2-fire &
grazing

cattle
sheep
re-introduced
summer grazmg
after 7 years
exclusion

introduced
control burn
(late
autumn)

3 sites
varied 502745 ha

Historical
grazing regime:
sheep & cattle
grazed site > 80
years.
General site
histories: Forest
sites intermittently
grazed by stock;
Grasslands - no

autumn fire
event

1 site, with
plots

General site
histories:
Forest sites logging,
infrequent
fire;

18 remnants
(sized 400ha
to <lha). 66
plots - 5 x4m

Bryant
(1973)

S.E. Australia
alpine
grassland

Lunt
(1990b)

S.E. Australia
Grassland

Floristic
composition &
richness postfire

Lunt (1997)

S.E. Australia
grassy forest &
grasslands

historical
disturbance
regimes;
floristic
composition

Expe1iment 1
- 3 lOOx 6
feet
Experiment 2
- 60 6x2
feet
qua drats

Grazing/control burn- suppressed growth, increased seedling
mortalities;
Ungrazed/unburnt - No. and heights of plants increased;
Ungrazed/burnt - height recovered in 3 seasons;
Grazing/wildfire - similar to grazing/control bum, but lignotuber
killed;
Fire (control or wild) - damaged saplings < 1Ofeet tall
Regeneration of Eucalypt - need exclusion from sheep after fire
Control burn both grazing treatments - snow grass deteriorated; stimulated
growth of herb sp.;
Ungrazed - % of ground cover decreased, but not to levels of
grazing plots; Themeda increased cover, sub-dominant sp.;
Grazing - % of ground cover decreased; Thenieda - no change or
decreased, minor sp.; selectively decreased proportion of herb sp.
Regeneration to pre-fire condition occurred within 5 seasons in
ungrazed plots but not on grazed.
Fire - no effect on species richness or composition, promoted abundant
regeneration of exotic sp., few native sp. regenerated from seed;
Regeneration reflected soil seed bank composition after 80 yrs of
grazing.
Grazed/unburnt sites had different flora to burnt/ungrazed sites;
Forest sites - diverse flora, few weeds; Grassland sites - had sp. that
were uncommon or absent from forest sites;
Frequent fire important in the management of grassy communities;
Conservation of the 2 vegetation types important in the maintenance of
regional diversity.
00

grazmg

Grasslandfrequent fire
time-sincefire intervals

Morgan&
Lunt (1999)

S.E. Australia
grassland

tussock
attributes &
sward
structure

sheep & cattle

Orr eta!.
(1997)

Qld. Black
speargrass
pasture

Floristic
composition;
Yields of
palatable &
unpalatable sp.

beef

sprmg
burning

1 site, various
plots

Orr&Paton
(1997)

QldBlack
speargrass
pasture

Floristic
composition

beef

annual
sprmg
burning

1 site, various
plots

Stuwe&
Parsons
(1977)

S.E. Australia
grassland

Historical
grazing regime

Frequent fire

59 sites

Wahren et
al. (1994)

S.E. Australia
subalpine
grassland &
heathland

Change in
floristic
composition &
% cover
Floristic
composition &
% cover

cattle

regular
burning &
occasional
wildfire

6 plots, each
2
500m
2 plots each
400m2

Wimbush&
Costin
(1979a)

S.E. Australia
subalpine
grassland

sheep
summer grazmg

absence of
fire

2 sites
Exclosures
stock free 5
yrs before.

% cover of
plants

1 site
various fire
frequency &
spatial scales

Themeda inhibits germination of herb sp., germination observed when
litter layer removed by fire or grazing; % cover Themeda decreased
with increase in time since fire; 11 yrs post-fire - grassland dead,
slowly decomposing thatch, little live material; recovery slow in long
unburnt areas, probably due to poor tiller health.
Palatable sp - Heteropogon contortus;
Unpalatable sp - Aristida spp.
Fire & grazing influenced pasture composition, with palatable sp.
eaten;
Burning reduced occurrence of Aristida spp., increased recruitment H
contortus;
Burning restored pasture composition, with a frequency of 2 successive
yrs
Excluding grazing for 4 or 6 mths, or reducing stocking rate increased
the proportion of H contortus after spring burning;
Burning reduced Aristida spp. independent of grazing treatment;
Seedling survival between different years reflected differences in
rainfall after establishment
Fire - allows presence of less competitive sp. by decreasing vigour of
Themeda australis;
Grazing - loss of sp. intolerant to grazing; selective grazing of
palatable sp., more exotic sp. in grazed plots.
Grassland plots - grazing - little regeneration of tall, palatable forbs &
short palatable shrubs; no grazing - cover of these life forms increased;
Heathland plots - increase in total shrub cover due to fires ; over time
grazed plots - total shrub cover increased, no grazing plots - total
shrub cover declined.
No fire - increase in tussocks grasses, unpalatable grasses & shrubs;
No grazing - different spp. than those herbs found in grazed plots,
taller-growing spp.
Grazing - grazing adapted herbs established in the inter-tussock
patches, shrubs increase in size, due to a decrease in competition by
herbs, decrease in cover of palatable herbs.
\0

Wimbush&
Costin
(1979b)

S.E. Australia
alpine
woodland&
grassland

% cover of
plants

grazing
excluded

fire excluded

5 sites

No fire/ burning - vegetation increased in cover, sp. increased, low tree
seedling establishment due to competition with herb. understorey;
Frequent burning - decrease in tree establishment & older tree death;
Fire & grazing - little regeneration;
Grasslands- shrub cover decreased as herb sp. increased & shrubs
senesced.

Tammar

fire

4, 10 x25m
plots in each
plant type

mice
bandicoots

fire

Quokka

fire

2 transects
5 plots in each
(5 x30m)
3 cages of
each treatment
in each plot
(25 x 25 x 25
cm)
Whole Is.

Grazing caused decline in% cover of selected sp. ;
2 herb sp. increased in cover where larger sp. were removed by
grazing;
Observations suggest Tammars prefer to graze in areas of recent
mowing where new growth shoots or seedlings were stimulated.
No consistent pattern of enhanced establishment & survival could be
detected where predators were excluded from plots.

regular
burning
history, fire
excluded
since 1970s
Small-scale
(20-50ha) &
large-scale
(> 10 000
ha) burns.

(b) Native herbivores only
Bell et al.
(1987)

Garden Is
W.A.
Open scrub

Clarke et al.
1996

Myall Lakes
NP
Coastal heath

Pen&
Green
(1983)

Rottnest Is.
low closed
forest & scrub

% cover
changes

vegetation
changes

Since 1920's quokka numbers increased, increased grazing pressure
resulted in a decline in Acacia sp. regeneration;
Fire in 1955
no grazing - regeneration of Acacia sp;
grazing - increase in unpalatable sp.

(c) Native and introduced herbivores
Bennett
(1994)

Wilson's
Prom. Viet.
Grasslands &
woodlands

vegetation
dynamics

Kangaroo
Rabbit
Cattle

Cohn&
Bradstock
(2000)

C.W.N.S.W.
mallee
woodland

Seedling
mortality of
sp.

kangaroo
goats
rabbits

fires< 50ha

Leptospermum laevigatum expanded into grasslands & woodland due
to an increase in grazing pressure and restriction of cattle feeding
range;

1 site, with a #
of plots within
the site

Rainfall found to be important factor;
After large burn & high spring rainfall- survival high (60- 70 %);
After small burn & low spring rainfall - survival low (0- 35 %);
Rabbits & kangaroo accounted for most of the effect of grazing;

........
0

Fensham&
Skull
(1999)

NorthQld
Eucalyptus
savanna

Floristic
composition,
tree basal area

cattle
Common
Wallaroo

History of
frequent
burning

1 site, 5 plots
of each
treatment

Leigh&
Holgate
(1979)

Southern
Tablelands
N.S.W.
woodland

Seedling
mortality; %
cover
collected 5 yrs
data

Wombats
Grey Kangaroo
Swamp Wallaby
Red-necked
wallabies
Rabbits

Fire

3 sites
15 m 2

Leigh et al.
(1987)

S.E. Australia
subalpine
grassland &
woodland

%cover&
biomass of
herb & shrub
sp

Wombats
Red-necked
wallabies
Eastern Grey
Kangaroos
Rabbits

Frequent
low-intensity
fire

3, 200 x 200
m sites

McCaw
(1988)

W.A.
Jarrah Forest

not specified

autumn fire

6, 0.5 ha
exclosures

Wiltshire &
Lord (1997)

N.E. Victoria

Abundance of
seedlings of
Acacia&
Kennedia sp.
Vegetation
structure &
floristics, &
other variables

Wombat
Wallabies
Kangaroo
rabbits

small, lowintensity fire
3 fire
treatments

10 fire/ grazing
treatments

Historical
grazing regime:
sheep & cattle
grazed site > 70
years, cessed 5
years prior to
study.

NO

soil samples 8, 0.25mm2 x
40mmdeep

Compared with macropods, cattle grazing resulted in:
loss of two perennial grass sp;
increased abundance, richness & diversity of annual grasses;
decreased the richness of perennial forbs.
Grazing/burnt -- open, with fewer tree & shrub sp. , decreased% cover
vegetation, Eucalypts resprouting post-fire, killed 8-21 mths after by
grazing;
No grazing/ burnt - dense, coppicing of trees, shrub understorey,
seedling density 6 times> than burnt/grazed plots after 5 yrs;
Generally - shrub densities lower with grazing, regardless of fire
treatment; fire caused an initial flush in germination, fire not essential
to maintain shrub understorey.
Fire & grazing - decreased total % cover;
Fire - reduced % cover shrub sp. & total biomass of shrub and herb
sp., stimulated grass seed production;
Rabbit grazing- reduced % cover, biomass & diversity of herb sp.
Fire & rabbit grazing - exposed soil, short-term impacts - rabbits
grazed on resprouting plants, long-term impacts - increase in rabbit
numbers due to a modification of habitat (open, shrub free).
Fire - 6 mths post-fire all except 1 sp. recorded in more plots than prior
to fire;
grazing - no impact on populations, as indicated by no difference
recorded in the plant density in fenced & unfenced sites.
Grazing by wombats, & grazing by wombats & wallabies;
Successive fires & inter-fire intervals more important factor than timesince fire;

-
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Studies which looked at grazing only
(a) Introduced herbivores only
Lunt
(1990a)

S.E. Australia
grassland

floristic
composition
of the soil
seed bank

recorded 17 native and 24 exotic sp.; 1 native and 3 exotic sp. not
recorded in the standing vegetation
The soil seed banks of long grazed remnants contain few natives that
not present in the standing vegetation. Important to consider this when
using other management tools such as fire.

........
........

Prober&
Thiele
(1995)

C. W. Slopes
N.S.W.
White Box
Woodlands

Floristic
composition &
environmental
variables

livestock
grazing

remnant size
& tree
clearing

Tremont
(1994)

Northern
tablelands
N.S.W.
grassy
woodland

Floristic
composition,
diversity &
structure

sheep,
Ungrazed site
left ungrazed 16
yrs.

No

1 roadside
remnant (0.3
ha)
13 cemetery
remnants
(0.04-5.5 ha)
20 Travelling
Stock
Reserves ( 1. 031.5 ha)
1 site, 12 plots
(0.6 ha).

Species richness - increased with remnant size & low grazing
intensity;
Remnant quality affected more by grazing than by size;
Grazing- encouraged weed invasion & reduced native sp., & changes
to dominant sp.;
Little-grazed remnants regardless of size increased in sp. richness;

Grazing plots - open grass & litter canopy, promoted sp. richness,
favoured forbs of low statue, small tufted grasses, more exotic annuals
sp.,
Ungrazed plots - densely vegetated, relatively sp.-poor, more perennial
sp., more herb sp., which regenerated vegetatively.

(b) Native herbivores only
None

(c) Native and introduced herbivores
Grice &
Barchia
(1992)

semi-arid
woodland
N.S.W

mortality of 7
native grass sp

sheep
kangaroos
rabbits

No

6 sites
3, 1 ha plots at
each site

All herbivores caused grazing-induced mortality. Short-lived sp. less
likely to suffer grazing-induced mortality than sp. of intermediate
longevity.

Neave&
Tanton
(1989)

Tidbinbilla NR
ACT
grassland

Floristic
composition &
diversity

kangaroo
rabbits

No

Kangaroos only caused the most change - decreased % cover & height
for some sp., increased frequency of occurrence of dicotyledon
seedlings & other sp.; 6 sp. not recorded on plots grazed by kangaroos.

Tiver &
Andrew
(1997)

South
Australia
chenopod
shrubland

sp.
recruitment/
regeneration

sheep
rabbits
goats
kangaroo

Historical
grazmg
regime

3 sites, 4
grazing
regime plots
(1x1 ha)
601 sites

Sheep had most impact on regeneration of woody sp. compared with
other herbivore sp.;
Regeneration often sp. showed effect (-ve) of past & present
herbivory;
Sites with a history of heavy grazing showed little regeneration,
regardless of present grazing pressure;

........
N
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Studies that have looked at both introduced & native species found that both had an
impact of the vegetation dynamics of the communities studied. For example, Neave and
Tanton (1989) found that kangaroos caused the change in vegetation height and
structure in a grassland community. The cover and abundance of species favoured by
the kangaroo population were greatly reduced. Grice and Barchia (1992) found that all
herbivore species caused the mortality of woody species whereas Tiver and Andrew
(1997) found that knowledge of past grazing regimes by introduced herbivores was
needed regardless of the present grazing pressure.

1.4 Interaction between grazing and fire

William and Gill (1995) suggests that the interaction between fire and grazing may have
more of an influence on plant species composition than simply those changes attributed
to fire alone. Grazing has been shown to have an impact on plant communities in the
presence of fire (see Table 1.1), however, most studies have observed the post-fire
effect of introduced grazing (Bryant 1971, 1973, Stuwe & Parsons 1977, Wimbush &
Costin 1979a, 1979b, Lunt 1990a, 1990b, Wahren et al. 1994, Lunt 1997, Orr et al.
1997, Orr & Paton 1997, Morgan & Lunt 1999), which is usually seasonal and at
varying grazing intensities. Few studies have measured the effect of native herbivores
following fire (Pen & Green 1983) and these are usually in the presence of introduced
herbivores (Leigh & Holgate 1979, Leigh et al. 1987, Bennett 1994, Wiltshire & Lord
1997, Fensham & Skull 1999, Cohn & Bradstock 2000). Comparisons between native
and introduced herbivores show different trends. There is evidence to suggest that
species richness and diversity of perennial forbs were lower in areas grazed by cattle
compared with areas grazed by macropods. Cattle grazed sites recorded higher richness,

14

diversity and abundance of annual grasses than macropod grazed sites (Fensham &
Skull 1999).

In a post-fire environment, native herbivores have been shown to graze on particular
species (Leigh & Holgate 1979, Pen & Green 1983, Bell et al. 1987, Leigh et al. 1987,
Fensham & Skull 1999) presumably those species that were more palatable. The longterm effect of this grazing pressure could be that these species would decline and the
local extinction of these species may occur, thus changing the composition of the postfire community.

The effects of grazing and fire in many grasslands and grassy woodlands have implied
the impacts of the disturbances from a historical point of view (e.g. Stuwe & Parsons
1977, Lunt 1990a, 1990b, 1997, Mcintyre et al. 1995). There is a limited number of
studies that have used established experimental plots in grasslands and grassy
woodlands. In contrast, exclosure experiments have been used in a number of different
habitats in Australia (coastal heath vegetation: Clarke et al. 1996, Southern Tablelands
woodland: Leigh & Holgate 1979, and semi-arid woodland: Cohn & Bradstock 2000
and overseas (for examples see North American prairie community: Collins 1987, Israel
grasslands: Noy-Meir 1995, Serengeti grassland: Belsky 1992, and Californian
chaparral: Tyler 1995) to study the combined effect of fire and grazing.

Understanding the interaction between grazing and fire and the effect on regeneration of
species in grassy woodland communities is vital in terms of managing highly disturbed
remnant vegetation. However, it is also important to distinguish between the effects of
introduced and native herbivores in plant communities. This study will investigate the
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impact of grazing and fire on the regeneration of woody shrubs and Eucalypt species in
a remnant of Cumberland Plain woodlands, using exclosure plots.

1.5 Human impact - specifically trampling
Studies measuring the effect of trampling by humans and off-road vehicles such as
tanks have found that both activities have the potential to degrade the vegetation in
particular communities. Lathrop (l 983a) cited in Lovich & Bainbridge (1999) studied
the impacts of military activity and found that there were reductions in the density and
cover of plants in the desert communities in California. These reductions of plant cover
& density were greatest in tank tracks. The study showed that the recovery to predisturbance was dependent on the type of disturbance and that the recovery of plants in
tank tracks was intermediate. The study of disturbances in shrubsteppe habitats of
southwestern Idaho found that the tracked vehicles resulted in a landscape characterised
by small, closely spaced, shrub patches (Knick & Rotenberry 1997).

The primary effect of trampling and heavy vehicles use on soil is compaction and a
reduction in soil volume (De Gouvenain 1996). Differences in vegetation structure of
the desert communities in California were due to soil compaction, changes in soil
texture and removal of the top layer (Prose et al. 1987). The richness and diversity of
species in the grasslands of Alta Manzananares NP, Spain decreased with increasing
soil compaction caused by the recreational activities of visitors to the National Park
(G6mez-Lim6n & De Lucio 1995). In contrast, the species richness of a subalpine
community in Washington was greater at the impact site compared to the control sites
and this was attributed to the ability of some species to adapt to growing in trampled
sites (De Gouvenain 1996). This study also found that changes in soil characteristics
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resulting from past trampling impacts have had long-term impacts on the successional
development of the plant community, and therefore on the present species composition
and structure. As part of the exclosure experiment I will investigate the impact of
human trampling, grazing and fire on the regeneration of understorey species in a
remnant of the threatened plant community, Cumberland Plain woodlands.

1.6 Management of threatened communities
The fragmentation of many plant communities has resulted in the degradation of
vegetation in Australia. In New South Wales the major causes of decline in vegetation
include clearing and grazing activities, forestry, and altered disturbance regimes
(Benson 1991). The regions most affected by European settlement include those that
contain better soils and flat undulating topography (Benson 1991). Temperate Eucalypt
Woodlands, which include a number of different plant communities, are one of the most
threatened habitats in Australia (Yates & Hobbs 1997, Hobbs & Yates 2000). Habitat
loss, habitat fragmentation, and exposure to disturbances differing in type and intensity
(Yates & Hobbs 1997, Hobbs & Yates 2000) threaten these woodlands. In many areas
of Australia these woodlands are now restricted to remnants of varying size and quality
(Mcintyre & Lavorel 1994a, 1995b, Prober & Thiele 1995, Lunt 1995, 1997). In New
South Wales one of the most threatened and degraded example of Temperate Eucalypt
Woodlands include the Box/Ironbark woodlands of the eastern and western slopes
(Sivertsen 1993). It is estimated that between 70 - 90 % of the original Box and
Ironbark communities have been cleared for wheat production. In the Sydney region,
Cumberland Plain Woodlands is an example of a Box/Ironbark woodland.
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1.6.1 Cumberland Plain Woodlands

Before European settlement, Cumberland Plain Woodlands (CPW) were the dominant
plant community of the Cumberland Plain in the western Sydney region. The original
extent of the vegetation covered 107 000 hectares (29 % of the total area of the
Cumberland Plain). In 1988 it was estimated that only 6% of the original vegetation
remained (Benson & Howell l 990b ). The remaining vegetation is remnant vegetation of
varying sizes that are threatened by land clearing and urban development (Benson &
Howell l 990b; Benson 1992; James 1997). As a consequence this plant community has
been listed on the NSW Threatened Species Conservation Act ( 1995) as an endangered
ecological community.

The threat to the ecological processes of CPW is typical of most temperate Eucalypt
woodlands. Threats to individual remnants include altered fire regimes, grazing, weed
infestation, and trampling. There is a limited amount of knowledge regarding the effect
of disturbances such as fire and grazing on grassy woodlands and specifically the
woodlands of western Sydney. Only one other study (Thomas 1994) has measured the
effect of fire on this threatened plant community. The study measured the impact of
repeated fires. The impact of other threats to this community is poorly represented in the
scientific literature.

1.7 Aims of the study

The principal aim of this study was to set-up a long-term monitoring experiment to
assist in the management of the remnant of Cumberland Plain Woodlands at
Holsworthy Military Area, specifically evaluating the effect of and interaction between
fire, grazing and humans on the regeneration of understorey species. There is very little
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work investigating the management of western Sydney vegetation. Thomas (1994)
investigated the response of this type of plant community to high frequency, low
intensity burning over a 20-year period. However, this study was completed 5 years
post-fire and did not consider the possible influence of grazing and humans on post-fire
regeneration of this type of plant community. The study at Holsworthy aims to
determine the short-term impacts of fire, grazing and human disturbance on seedling
recruitment in the woodland.

The specific aims of this study were to:
1. Determine the effects of disturbance factors grazing, fire and human trampling on
the species richness and abundance of shrub and Eucalypt species regenerating in
the woodland after 18 months.
2. Compare the floristic composition of each exclosure treatment to determine whether
grazing, fire and trampling have an impact on species composition after 18 months.
3. Document the floristic composition and diversity of the soil seedbank of the
remnant at Holsworthy.
4. Determine the effect of different heat treatments on the species richness and
abundance of the soil seedbank.
5. Determine the relative abundance of herbivores grazing in the woodland by using
scat abundances as an indication of herbivore numbers.
6. Provide management guidelines for the future use of fire within the CPW remnant at
Holsworthy.
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Chapter2
Site description
2.1 Location

Holsworthy Military Area (HTA) is located near Liverpool in the southeastern section
of the Sydney basin. The 18 000 ha bushland site is on the boundary of two
geographical regions, the Cumberland Plain and the Woronora Plateau. HTA is
bordered by the Georges River and residential areas in the west, Heathcote National
Park and the Woronora Catchment area in the east and south-east respectively and
Dharawal Nature Reserve in the south.

The study site for this project was located in the Small Arms Training Area in the
northern section of HTA (Figure 2.1 ). This training area is distinct from the rest of the
range as it is dedicated to activity only involving small arms weapons (pistols and
rifles). Training involves the use of targets (AXIS/AMBS 1995a), located at the top of
the range that enables shooting to occur in a southerly direction. The woodland in this
area acts as a buffer zone between it and the other training areas (B- H range) on the rest
of the range. This enables training activities to take place simultaneously on the range.
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Figure. 2.1 Map of the Small Arms Danger Area, Holsworthy Military Area.
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2.2 Climate
Liverpool (Whitlam Centre) is the closest weather station to Holsworthy. An automatic
weather station was installed at Holsworthy in 1998 and will take over the local weather
station after 10 years of calibration. Readings from Liverpool show that the mean
annual rainfall for the area is 870.9mm. The period from December - April has the
highest rainfall, with the period from June to September being the driest months of the
year. The warmer months are recorded from December to February and the coolest
months are from June to August. The total rainfall during each year of the study was
1997 - 562.lmm, 1998 -1047mm and 1999 up to July- 610.6mm (BoM 1999).
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Figure 2.2 The total rainfall (mm) for each month during the study period between July

1997 - June 1999. There was a general increase in rainfall in the second year of the
study, with the increase occurring during April 1998. The sample period for the control
bum and unburned plots

C- . _ ) and the summer bum plots ( - - ) show the timing of

each 3 month sample period over the duration of the study.
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2.3 Geology
Three geological units are found at Holsworthy. Hawkesbury sandstone covers the
majority of the range with small amounts of Tertiary Alluvium and shales from the
Wianamatta group restricted to the northern section of the range. Cappings of shale on
the sandstone are scattered throughout the range (Jones & Clark 1991).

The three geological units occur in close proximity only in the Small Arms Danger
Area. Tertiary Alluvium sediments occur as river terrace adjacent to the Georges River.
This geological unit is up to 15m in depth and usually consists of clayey sand, silt and
clay (Smith & Clark 1991).

During the middle Triassic period, the sediments of Hawkesbury sandstone and the
Wianamatta group were laid down. The Wianamatta group is divided up into 3
formations: Bringelly shale (uppermost unit), Minchinbury sandstone and Ashfield
shale (basal unit). The Ashfield shale beds are exposed as erosional remnants on the
sandstone plateaux to the north, west and southeast of the Cumberland Plain (Bembrick
et al. 1980). It is this unit which is found in the Small Arms danger area at Holsworthy.

The Ashfield shale beds and the Hawkesbury sandstone formation are separated by the
Mittagong formation. This formation has sediments that are similar in morphology to
the sediments of both the Ashfield shale and Hawkesbury sandstone. Lack of
outcropping make it impossible to differentiate between the Mittagong formation from
the overlying Ashfield shale, therefore all shale units overlying Hawkesbury sandstone
are mapped as Ashfield shale (Herbert & Clark 1991). Hawkesbury sandstone forms the
surface of the plateaux surrounding the Cumberland Plain (Bembrick et al. 1980). This
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formation thickens eastward and forms the third formation found in the Small Arms
Danger Area at Holsworthy.

2.4 Soil landscape groups

Five soil landscape groups occur in Holsworthy Training Area (Hazelton et al. 1989,
Hazelton & Tille 1990). The three landscape groups found in the Small Arms Danger
Area are the Berkshire Park (bp ), the Lucus Heights (lh) and the Blacktown (bt) soil
group.

The Berkshire Park soil group occurs on Tertiary Alluvium, with up to four dominant
soil materials occurring within the sequence (Bannerman & Hazelton 1990). Each soil
material is defined and described in terms of its morphological properties. The dominant
soil materials for the Berkshire Park soil group include:
bpl -Dark brown sandy loam. It occurs as topsoil (A horizon).
bp2 - Brown apedal sandy clay loam. It occurs as topsoil (A horizon) and may
be seasonally hardsetting.
bp3 - Brown sandy clay with up to 20% ironstone nodules. It occurs as a subsoil
(B horizon).
bp4 - High chroma (bright coloured) clay with up to 90% stones. It occurs as a
subsoil (B horizon).
The soils are heavy and sandy clays, often mottled and ironstone nodules are common.
Total soil depth is <450cm.

24

The Lucus Heights soil group occurs on the Mittagong formation, with up to four
dominant soil materials occurring within the sequence (Bannerman & Hazelton 1990).
The dominant soil materials for the Lucus Heights soil group include:
lhl - Loose, dark brown to yellowish brown sandy loam. It occurs as topsoil
(Al horizon) but not always present.
lh2-Bleached, stony, hardsetting sandy clay loam. It occurs as the A2 horizon.
lh3 - Earthy, yellowish brown sandy clay loam. It occurs as subsoil (B horizon)
developed on coarse sandstone.
lh4 - Pedal, yellowish brown clay. This usually occurs as subsoil (B and C
horizons) developed on fine-grained sandstone.

The soils are moderately deep (50-150cm), hardsetting yellow podzolic soils and yellow
soloths. The dominant tree species found on this soil group includes Syncarpia

glomulifera, Angophora bakeri, E. gummifera, E. eugenioides, and E. sclerophylla
(Bannerman & Hazelton 1990).

The Blacktown soil group (bt) occurs on the Wianamatta group (Ashfield shale,
Bringelly shale, Minchinbury Sandstone). This group also has four dominant soil
materials within the soil profile (Bannerman & Hazelton 1990). The dominant soil
materials include:
btl - Friable brownish black loam. This material occurs as topsoil (Al horizon).
bt2 - Hardsetting brown clay loam. It occurs as the A2 horizon.
bt3 - Strongly pedal, mottled brown light clay. This usually occurs as the B
horizon.
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bt4 - Light grey plastic mottled clay. It usually occurs as deep subsoil above
shale bedrock (B3 of C horizon).

The soils are shallow to moderately deep (<lOOcm) red and brown podzolic soils on the
crests grading to yellow podzolic soils on lower slopes and in drainage lines. The
dominant tree species found on this soil group includes E. tereticornis, E. crebra, E.

moluccana, and E. maculata. Between Liverpool and St Marys the dominant species are
- E. globoidea, E.fibrosa and E. longifolia (Bannerman & Hazelton 1990).

Walker and Spate ( 1977) found that three soils dominate the range. They found that 80
% of the total area of the range was covered by skeletal soils. The second soil type was
yellow podzolic soils which occupy 15% of the total area and the third was lateritized
podzolic soil (5% of total area). The second soil type was found mainly in the western
and northern areas where the boundary of the Hawkesbury sandstone and Wianamatta
shale occurs and corresponds with the Small Arms Danger Area. The map from this
report shows a distinct soil boundary between the skeletal soil and the yellow podzolic
soils. This supports the view that there is a mix of soil types occurring in close
proximity to one another thus making soil classification on such a small spatial scale
difficult (French et al. 2000a).

2.5 Vegetation
Eight vegetation communities have been identified in the Holsworthy Training Area,
four on sandstone and 4 on shale (French et al. 1995, 2000a). The vegetation
community located in the Small Arms Danger Area has been identified by a variety of
studies (Table 2.1). The general view is that this area is a remnant of Cumberland Plain
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Woodlands (Plate 2.2). This site is significant as the woodland is continuous with the
surrounding sandstone vegetation communities and is a rare example of the vegetation
that once occurred on the boundary between the Cumberland Plain and the surrounding
sandstone plateaux (Biosis Research 1997, French et al. 2000b).

Table 2.1 Studies identifying the vegetation classifications of the Small Arms Danger
Area, Holsworthy.
Reference

Classification

Benson (1992)

Grey Box Woodland ( 1OC)

Biosis Research (1997)

Grey Box Ironbark Woodland
Shale/sandstone Forest

James ( 1997)
' French et al. (2000a)

Ironbark Forest (9C)
Plateau forest on shale
Shale/sandstone transition forest

French et al. (1995, 2000a) was the first comprehensive survey of the vegetation at
Holsworthy. The following description is based on this work. The Plateau forest on
shale is characterised by the canopy species, which include Eucalyptus fibrosa and E.
punctata with E. globoidea and E. crebra. Other species include E. tereticomis, E.
eugenioides, E. moluccana, E. longifolia and occasionally Angophora bakeri. The

understorey was dominated by Themeda australis. The understorey also includes other
grass and herb species with sparse patches of Bursaria spinosa, Dillwynia parviflora,
Pultenaea villosa, Daviesia ulicifolia and Lissanthe strigosa.

27

Plate 2.1 Looking in a southerly direction from Range Control, showing one of the
small arms firing ranges adjacent to the remnant of Cumberland Plain Woodlands.

Plate 2.2 A typical example of the grassy understorey in the woodland, with a few
scattered shrub species.
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The shale/sandstone transition forest is characterised by E. punctata, A. costata,
Corymbia gummifera and E. sparsifolia in the canopy layer. Other species include A.
bakeri, A. floribunda, E. globoidea, E. haemastoma/racemosa. E. squamosa and E.
pilularis. In contrast to the Plateau Forest on shale, the transition forest has a prominent

shrub layer, which includes Banksia spinulosa, Acacia linifolia, Leptospermum
trinervium and Dillwynia parviflora. This forest type also includes Themeda australis as

well as other grass and Lomandra species. These two plant communities could not be
distinguished using aerial photographs and so the area estimate of 1706 ha for Plateau
Forests is a combined estimation of these two communities (French et al. 1995).

Although French et al. (2000a) found that the plant communities in the Small Arms
Danger area were good examples of Cumberland Plain Woodlands, it was the research
presented in French et al. (2000b) which assessed the significance of this remnant. This
work demonstrated that the remnant of CPW at Holsworthy represented part of the high
spatial variability that occurred across the whole Plain and showed the influence that the
different underlying geologies and disturbance regimes had on the species composition
of different sites.

2.6 Fire history of Holsworthy

In 1995 (AXIS/AMBS) it was observed during the Environmental audit that Holsworthy
had a history of frequent fires. Sandstone plant communities cover the majority of
Holsworthy and require a low fire frequency regime to enable species to survive (Gill
1981, Benson 1985, Clark 1988). It was also not clear how to manage the woodlands on
the shale. It was proposed that a fire management plan be developed to create a fire
environment which would have minimal impact on training and enable fires to be
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fought safely and effectively, whilst at the same time maintaining and enhancing the
diversity of species on the range. In 1999, Biosis Research prepared a Fire Management
Plan for Holsworthy. This was not implemented at the time of writing.

Fire records of fire events at HTA are available from October 1987. These fire records
are only for the wildfires that have occurred on the range, as there is no hazard
reduction program in place at HTA. The records are limited in details regarding
knowledge of fire behaviour and fire characteristic such as intensity and direction. Thus,
the records were often incomplete and the final fire perimeter was not recorded, making
it difficult to predict past fire occurrences. Biosis Research (1999) estimated that in the
last 10 years 72 % of the range has had one or more fire events, with the major fire
events occurring in the 1990/1991 fire season (5409 hectares burnt) and the 1997/1998
fire season (with 7172 hectares burnt).

The biggest issue for controlling wildfires on the range is the presence of unexploded
ordnance (UXOs). There is a safety issue due to the risk to fire fighters from fire
induced detonation of these UXOs and this restricts the control of wildfires on the
range. The Small Arms Danger area has a low risk of UXOs (Walker & Spate 1977)
with most of the fires in the area caused by tracer bullets used in small arms training
activities. These tracer bullets contain white phosphorous, which is an ignition source. It
was concluded in the Fire Management Plan (Biosis Research 1999) that most of the
area had only experienced one or two fires in the last 10 years, although this was an
underestimation due to the limited details of the fire records. However, anecdotal
evidence (Marina Peterson, Environmental Officer, pers. comm.) suggests that past
management practises by army personnel was to bum the area regularly and some fires
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were left to bum out of their own accord. This was certainly the case for the December
1997 fire. This fire, which burnt the southern section of the Small Arms Area (and half
of my control plots) was left to "creep" up the range in a northerly direction as priority
was given to fires in other parts of the range which were deemed more intense and of
greater threat. The fire in the Small Arms Area was only given priority once the other
fires were under control.

Fire was most frequent behind the target ranges in the most northern section of the
range. These fires would mostly be attributed to the use of tracer bullets. The northern
section of the small arms has been burnt more frequently than the southern section (ref
map 3 Biosis Research 1999). In contrast, other places in the Small Arms Danger Area,
such as the old Grenade range (GR 079380), may not have been burnt as frequently.
This is indicated by the high density and percentage cover of Bursaria spinosa, which is
believed to be greater in the absence of fire (Benson & Howell l 990a, Thomas 1994).

2. 7 Aboriginal History

Holsworthy Training Area falls within the Tharawal Local Aboriginal Land council
area. The extent and influence the local Aboriginal tribes had on the flora and fauna in
this site is unknown. However, in a recent survey (Navin Officer Heritage Consultants
1997) 835 Aboriginal archaeological sites were found on the range. These included
examples of rock art, scarred trees, isolated artefacts, camp sites, axe grinding grooves
and middens. The great number of sites found in HTA indicate that this site is important
for Aboriginal culture and that it was used extensively by the local tribes prior to
becoming a military area.
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2.8 European History

Holsworthy Training Area was an important site for the development of agriculture and
the wine industry in the Liverpool area. Early records indicate that thirteen private
blocks were part of the early European agricultural settlement between the Georges
River and Punchbowl Creek (DoD 1990). There is also evidence of transport routes
throughout the area, which enabled settles to travel between Liverpool, Holsworthy and
the Campbelltown areas. The Military has had a presence in this area since 1812. In
1910 a permanent military training area was proclaimed providing a firing range and
manoeuvre area for military units based in New South Wales (DoD 1990). HTA was
also an important historical site for the military history of Australia. The range was the
training site for troops during major military conflicts such as World War One and Two.
It was also the site for an Army Internment Camp, which was used to intern Germans
and other Europeans from 1914-1919.

Holsworthy Training Area is an important site due to a number of factors such as its
location in the Sydney region, the influence of underlying geologies on the diversity of
plant communities, and the presence of numerous Aboriginal and European
archaeological sites. The Australian Heritage Commission recognised Holsworthy as a
naturally and culturally significant site, and in 1997 listed the site on the Register of the
National Estate as the Cubbitch Barta National Estate Area.
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Chapter 3
The effect of fire, grazing and trampling on the regeneration of understorey shrub
and Eucalypt species
3.1 Introduction

During the Environmental audit of Holsworthy (AXIS/AMBS 1995a) a number of
herbivores were identified grazing in the Small Arms Danger Area. The audit formed
the bases of an Environmental Management Plan (AXIS/AMBS 1995b). This Plan
recognised that although shrub and Eucalypt species were recorded in the vegetation
surveys, the dominance of a grassy understorey in the remnant of Cumberland Plain
Woodlands may indicate an inappropriate fire regime and disturbances such as grazing
and trampling. The impact of human activity was deemed important to measure due to
the use of Armoured Personnel Carriers (APC) and troop movement activities in this
area of the Military Range (M. Peterson, pers. comm.).

The aims of this part of the study were to:

1. Determine the effects of disturbance factors grazing, fire and human trampling on
the species richness and abundance of shrub and Eucalypt species regenerating in
the woodland after 18 months.
2. Compare the floristic composition of each exclosure treatment to determine whether
grazing, fire and trampling have an impact on species composition after 18 months.
3. Determine whether fire, grazing, and trampling resulted in the change in percentage
cover of Themeda australis, herbs and shrubs, and other grass species after 18
months.
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3.2 Methods
Forty eight random plots (lOm x lOm) were established for a long-term fire and grazing
study in 1997 within the Small Arms Danger area in the Holsworthy Training Area.
Plots were located at least 50 metres apart and at least 20 metres from the fire road to
reduce potential edge effects. At least one of the following tree species was present:
Eucalyptus crebra, E. tereticornis or E. moluccana. The plots were located in areas that

were thought to have a similar fire history as evident by a similar age of the standing
vegetation. It was not possible to accurately determine the fire history of this area,
however, areas where a thicket of Bursaria spinosa was present were avoided as this
was believed to be an indication that fire has been absent for a longer period of time
(Thomas 1994).

Plots were randomly allocated to three fence treatments, fully enclosed, fully open, and
closed to humans. Fully enclosed treatments excluded all herbivores and humans
(referred to as closed fence), fully open treatments were open to all traffic (referred to as
open fence) and closed to humans treatments only allowed herbivores to enter but not
humans (referred to as closed to humans) (Figure 3.1). The replication for each
treatment is set out in Table 3.1. The original design had balanced replication (where n

= 8) with only one fire treatment (the control bum)

and unburned plots. The control

bum treatments were set-up as a 20m X 20m plot between early July and late September
1997. A two-metre firebreak was created

~round

this area by mowing the grassy

understorey with a standard domestic lawn mower. The lOm X lOm plots were then
measured inside the 20m X 20m area, to reduce potential edge effects of the fire. In the
summer of 1997 a wildfire burned a large part of Holsworthy and in the process burned
fifteen of the originally unburned plots. Although the wildfire created an unbalanced
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(a) Closed fence treatment

(b) Open fence treatment
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(c) Closed to humans fence treatment

Figure 3.1 The fence treatments used in the exclosure experiments showing typical

examples of the (a) closed fence treatment, (b) open fence treatment and (c) closed to
humans fence treatment.
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design (see table 3.1), it did add an extra fire treatment to the experiment. This treatment
is referred to as the summer bum.

Table 3.1 Experimental design showing the number of replicates per treatments
closed fence

open fence

closed to humans

control bum

8 plots

8 plots

8 plots

summer bum

5 plots

4 plots

6 plots

unburned

3 plots

4 plots

2 plots

The fences were erected between May and August 1997. Before the fences were
constructed, the area was cleared, using a metal detector, of unexploded ordnance. The
closed fence treatments measured l .5m high and included a 0.50m chicken wire lip at
ground level to stop burrowing herbivores such as rabbits and a gate to allow access for
seedling counts. The open fence treatment were 4 poles marking the comers of the plot.
The closed to humans fence treatment measured 1.2m high and had a 0.30m wide wire
band around the top as an indicator that humans should not enter (see Figure 3.1). It was
assumed that Army personnel (and other humans) did not enter these plots. It is unlikely
for a number of reasons. Firstly, the Small Arms danger Area is a restricted training area
making it unlikely that army units were able to use this area for infantry training. After
the listing of this community as an endangered ecological unit in 1997 heavy vehicle
movements were not allowed in this area. The second reason is that Holsworthy is a
restricted military area and as a result interference by the "interested general public"
was very unlikely without substantial risk to their safety. Thirdly, signs were attached to
these treatments requesting no access and it is a requirement of the Australian Army that
personnel can read and obey orders.
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However, the impact of my presence in the plots every 3 months to do seedling counts
has to be taken into consideration. It is safe to assume that the impact of my presence
would not be the same as a unit of APCs carrying out an exercise simulating battle
manoeuvres. What is unclear though, is how my presence compares with the potential
impact of trampling by army personnel on foot. Therefore, it must be assumed that any
trampling caused by my presence in the plots was consistent over all the treatments, for
the duration of the study, and would not have resulted in a difference between the
treatments.

3.2.1. Regeneration of species in the understorey
Species richness and abundance data were collected for the shrub and Eucalypt species.
Surveys took place over an eighteen - month period between October 1997 - June 1999,
with the first survey occurring 3 months after the application of the treatments, and then
revisited every three months thereafter. Individuals were scored on the basis of whether
they were resprouters or seedlings. Seedlings were identified by the presence of
dicotyledons. Resprouters were identified by the presence of clumps of stems, which
were growing from underground rootstock. Clumps of stems were counted as one
individual as it was not possible to determine the actual number without digging up the
clumps, thus disturbing the experiment plots. The shrub species surveyed were
classified as woody vegetation as opposed to the herbaceous and grass species present.
All regenerating species, including small tree species such as Acacia, Melaleuca,
Exocarpus, Jacksonia, Allocasuarina and Persoonia were included, as were
Macrozamia and Xanthorrhoea species. Although these latter two species would not be
considered woody shrubs, when present they contributed greatly to the percentage cover
of the ground vegetation and it was considered important to include these species in the
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regeneration survey. The change in percentage cover of ground vegetation
distinguishing between grass and non-grass species was estimated by visual means.
Specifically changes in the percentage cover of Themeda australis was compared with
changes in the cover of other grass species and the herb/shrub species. This was
important to understand as other studies (Bryant 1973, Stuwe & Parsons 1977, Lunt
1994) have shown that frequent fire is required to maintain plant diversity by preventing

T. australis from out-competing other herbaceous species.

Species richness, total abundance, and the abundance data of resprouters and seedlings
were analysed by Analysis of Variance (ANOVA). This analysis was performed on the
data collected at the 18-month period only, due to the slow growing nature of seedlings
leading to few trends in the data collected before this time. The management of this
plant community should be considered in terms of years rather than months. Although,
it is important to know the trends over a short period of time, conclusions should be
based on long-term data. This project was set-up to allow long-term monitoring of the
area, as well as forming the basis of a management plan. This plan will be reviewed
over-time as more data becomes available. The abundance data were 4th root
transformed to improve normality of the underlying distribution (Zar 1984). Analysis
was performed using SYSTAT (SYSTAT Inc 1996). A Tukey's pairwise comparison
test was performed on data that was significantly different to determine where
differences occurred (Zar 1984).

A Multivariate Analysis of Variance (MANOV A) looking at the proportional change of
the three factors: percentage cover of (a) Themeda australis, (b) herbs and shrubs, (c)
other grasses, a (d) non-vegetation within the treatments at eighteen months. The other
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grasses category, for convenience, includes species from the grass family Poaceae
(except Themeda australis), the sedges and rushes from the families Cyperaceae,
Restionaceae and Juncaceae and Xanthorrhoea concava. The non-vegetation category
includes the percentage cover of litter and exposed soil in the plots. The herb/shrub
category, for convenience, includes herbaceous and woody shrub species as well as the
resprouting Eucalypt species and Macrozamia spiralis.

3.2.2. Change in species composition
To determine whether there had been a change in the species composition as a result of
the treatments, a survey was completed in May 1997, before the application of
treatments and again in May 1999. Plant nomenclature was based on Harden ( 1990,
1991, 1992, 1993) and Wheeler et al. (1990), unless plant specimens were sent to the
Sydney Herbarium for verification.

Multivariate analysis of the presence/absence data of species was performed using
PRIMER (Carr 1996). Non-metric multi-dimensional scaling (nMDS) of the data was
used to assess and display the similarity of the 48 plots from the two sampling periods.
The similarity matrix for the nMDS was based on the Bray-Curtis metric (beta = -0.05).
The nMDS was constructed in two dimensions. A similarity percentage (SIMPER)
analysis, which produces an average similarity based on a Bray-Curtis index of
measure, was used to determine the similarity of sites within the groups. A SIMPER
was used to identify plant species that contributed strongly to that similarity. An
Analysis of Similarity (ANOSIM) was performed on the presence/absence data to
determine whether fire and herbivores had an effect on the species composition.
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3.3 Results.
3.3.1. Temporal changes in diversity and abundance of woody shrubs.
All fence and fire treatments recorded an increase in average number of species for the
duration of the study (Figure 3.2). Most treatments showed steady increases in species
richness over the sampling period with species richness peaking at the end of the 18month period. However, in the unburned/closed fence treatment (Figure 3.2a) fewer
species were recorded in month 15 (after a peak in species recorded in month 12). A
similar trend was observed in the unburned/open fence treatment (Figure 3.2b) which
reached a peak in species in month 12 and then declined in both month 15 and month
18.

The abundance of shrub species also increased over the 18-month period (Figure 3.3).
The summer bum treatment within all three-fence treatments recorded the greatest
number of individuals over time (Figure 3.3). Average abundance in the control bum
treatments increased over time, with increases seen between the 9 and 12 month period.
Interestingly, the unburned treatment showed comparatively little changes in average
abundance over the 18 months period compared to the other treatments.

Regeneration of woody shrubs showed some interesting results (Figure 3.4). Overall
resprouters were low in abundance compared with total average abundance (compare
Figure 3.3 and 3.4). Regeneration after the summer bum was low in the closed and open
fence treatments over 18 months (Figures 3.4a, b, c). Control bum treatments in the
closed fence treatment peaked in month 9 and stayed consistent for the remainder of the
study, and peaked after 15 months in the open fence plot. The closed to humans
treatment (Figure 3.4c) showed a different trend, with the summer bum recording more
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individuals than the other fire treatments. Generally, this treatment recorded low
abundances of resprouting shrubs within all three-fence treatments.

Overall the seedlings contributed the most to the total average abundance of woody
shrubs regenerating over time (compare Figure 3.4 to Figure 3.5). All fence treatments
displayed a similar trend for all three-fire treatments (Figure 3.5). The summer bum
treatment recorded a dramatic increase in abundance between the 3 to 6 month sample
periods and this trend continued to increase over time. The control bum treatment
increased in abundances between the 9 to 12 month sample period. The unburned
treatment recorded relatively low average abundances, which was consistent over time.
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Figure 3.2 Mean (± se) species richness of woody shrubs over 18 months for each fire
treatment (control bum, summer bum, unburned) within each fence treatment: (a)
closed, (b) open and (c) closed to humans. See methods (Table 3.1) for number of
samples per treatment.
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Figure 3.3 Mean (±se) total abundance of shrubs species over 18 months for each fire
treatment (control bum, summer bum, unburned) within each fence treatment (a) closed,
(b) open and (c) closed to humans. See methods (Table 3.1) for number of samples per
treatment.
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Figure 3.4 Mean (±se) abundance of shrub species resprouting over 18 months for each
fire treatment (control bum, summer bum, unburned) within each fence treatment a)
closed, b) open and c) closed to humans. See methods (Table 3.1) for number of
samples per treatment.
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Figure 3.5 Mean (±se) abundance of shrub seedlings recorded over 18 months for each
fire treatment (control bum, summer bum, unburned) within each fence treatment a)
closed, b) open and c) closed to humans.
samples per treatment.

See methods (Table 3.1) for number of

46

3.3.2. Regeneration of woody shrubs after 18 months

At the end of the sampling period, the closed/summer treatment had the greatest mean
species richness (11.6 ± 0.8; Figure 3.6a) and the lowest was recorded in the
open/unburned treatment (4.3 ± 1.1). The effect of fire was significant (Table 3.2a Fire/Species Richness), with significant differences occurring between the summer and
unburned treatment and the control burn and the unburned treatment (Table
3.2b/Species Richness). There was no significant difference for the fence treatments,
nor was there an interaction between the fire and fence treatments (Table 3.2a - Fence,
Fence*Fire}.

The greatest average abundance of woody shrubs (567.0

± 371.8 (se)) was found in the

open/summer treatment (Figure 3.6b) and the lowest was recorded in the closed to
humans/unburned treatment (160

± 4.0). The effect of fire

was significant (Table 3.2 -

Fire/Total Abundance), with significant differences in woody shrubs occurring between
the summer burn and unburned, and the control and unburned treatments (Table
3.2b/Total Abundance). There was no significant effect of fence treatment (Table 3.2aFence) nor an interaction between the fire and fence treatments (Table 3.2a Fence*Fire).

After 18 months the closed/summer treatment had the greatest mean abundance (145.9

± 68.8 (s.e.)) of resprouting shrubs, with the lowest recorded in the closed to
humans/unburned treatments (6.5 ± 6.5) (Figure 3.6c). The effect of fire was significant
(Table 3.2a - Fire/Resprouters) due to differences between control burn and unburned
treatments (Table 3.2b - Resprouters). There was no significant effect of fences nor an
interaction between the fire and fence treatments (Table 3.2a Fence; Fire*Fence).
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After 18 months, more seedlings were recorded for the open/summer treatments (532.8

± 376.7 (se)) than the other treatments after 18 months (Figure 3.6d). The lowest
number of individuals (9.5 ± 2.5) recorded was in the closed to humans/unburned
treatments. The effect of fire was significant (Table 3.2a - Fire/Seedlings). Seedlings
abundance differed statistically between the control bum and unburned and the summer
and unburned treatments (Table 3.2b - Seedlings). There was no significant effect of
fences (Table 3.2 - Fence), nor was there a significant interaction between fire and
fence treatments (Table 3.2- Fence*Fire).

Table 3.2. Results of Analysis of Variance (ANOVA) identifying the effect of fire and

fence treatments on the species richness, total abundance, abundance of resprouters and
seedlings of shrubs after 18 months.
(a) ANOV A results
d.f.

Factor

.I

Resprouters

Species

Total

richness

abundance

.I

Seedlings

F

p

F

p

F

p

F

p

Fence

2

1.70

0.20

0.68

0.51

0.47

0.63

0.42

0.66

Fire

2

8.33

0.00

11.67

0.00

6.47

0.00

10.56

0.00

Fence*Fire

4

0.06

0.99

0.43

0.79

1.55

0.21

0.51

0.73

error
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(b) Post-Hoc test -Fire
Tukey's Pairwise comparison test
Resprouters p

Seedlingsp

Species

Total

richness p

abundancep

control vs unburnt

0.01

0.00

'0.00

0.00

summer vs unburnt

. 0.00

0.00

0.07

0.00

0.72

0.39

0.35

!

control vs summer

·10.23
I

* Bold figures indicate a significant difference at a. = 0.05
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Figure 3.6 Regeneration of woody shrubs after 18 months indicating the mean per
100m2 (±se) of (a) species richness (b) total abundance (c) abundance of resprouters,
and (d) abundance of seedlings for each of the three fence treatments.
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3.3.3. Temporal changes in diversity and abundance of Eucalypt species.
The change in Eucalypt species richness over 18 months was quite low for all the three
fence treatments (Figure 3.7). Within each of the fence treatments the summer bum
treatment increased slightly in species richness of Eucalypts over 18 months (Figure
3.7a, b, c). However, in general, the number of species recorded in each bum treatment
within all three-fence treatments (Figure 3.7a, b, c) remained relatively consistent over
time.

In contrast to the species richness, the total abundance of eucalypt species was variable

over time (Figure 3.8). The number of individuals recorded in the summer bum
treatment (Figure 3.8) displayed a similar trend for each of the three-fence treatment.
There was an increase in numbers between the 3 to 6 month sample period which then
declined dramatically between the 6 to 9 month sample period. This suggests that
although germination of Eucalypts had occurred, seedling establishment was not
successful. This contrasts with the changes in the abundance of shrubs (Figure 3.3),
where abundance tended to increase after the corresponding time period. In contrast, the
trend for the control bum and unburned treatments within each fence treatment was
quite different. Both treatments recorded low abundances over the 18-month sample
period, with minor increases in average abundance between 9 and 12 months.

The response of resprouting eucalypts to fire and fence treatments was similar over time
(Figure 3.9). The fire treatments generally recorded more individuals than the unburned
treatment for all three-fence treatments, with slight fluctuations in numbers. However,
the abundance of resprouting Eucalypts was consistently low over time.
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The trends in the change in the abundance of Eucalypt seedlings over time are similar to
the trends seen in the total abundance of Eucalypt recorded for all fence treatment
(compare Figure 3.8 with Figure 3.10), indicating that Eucalypt seedlings contributed
the most to the overall abundance of Eucalypts regenerating in this study. Across all
three-fence treatments the summer bum has a similar trend, with the dramatic increase
in abundance between the 3 to 6 month sample period (Figure 3.10). The failure of
seedling establishment is seen by a large decline in numbers between the 6 to 9 month
sample periods with numbers decreasing for the duration of the study. The response to
the control bum and unburned treatments across all three-fence treatments was also
similar to that of the total abundance, with both treatments recording low abundances
over the study period.
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Figure 3.7 Mean (±se) species richness of Eucalypts over 18 months for each fire
treatment (control bum, summer bum, unburned) within each fence treatment: (a)
closed, (b) open and (c) closed to humans. See methods (Table 3.1) for number of
samples per treatment.
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Figure 3.8 Mean (±se) total abundance of Eucalypts over 18 months for each fire
treatment (control bum, summer bum, unburned) within each fence treatment: (a)
closed, (b) open and (c) closed to humans. See methods (Table 3.1) for number of
samples per treatment.
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Figure 3.9 Mean (±se) abundance of resprouting Eucalypts recorded over 18 months for
each fire treatment (control bum, summer bum, unburned) within each fence treatment
(a) closed, (b) open and (c) closed to humans. See methods (Table 3.1) for number of
samples per treatment.
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Figure 3.10 Mean (±se) abundance of Eucalypt seedlings recorded over 18 months for
each fire treatment (control bum, summer bum, unburned) within each fence treatment
(a) closed, (b) open and (c) closed to humans. See methods (Table 3.1) for number of
samples per treatment.
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3.3.4. Regeneration of Eucalypts after 18 months

The greatest mean richness of regenerating Eucalypt species after 18 months (Figure
3.lla) was found in the closed/summer treatment (3.2

± 0.4

(se)) and the lowest was

recorded in the closed/unburned treatment (0.3 ± 0.3). The effect of fire was significant
(Table 3.3a - Fire/Species Richness) with differences between the control burn and
summer burn treatments, and summer burn and unburned treatment (Table 3.3b Species Richness). There was no significant effect of fences (Table 3.3 - Fence), nor
was there a significant interaction between the fire and fence treatments (Table 3.3Fence*Fire).

The closed/summer treatment recorded the greatest mean abundance (42.6

± 10.9 (se))

of Eucalypt individuals and the closed to humans/unburned treatment recorded the
lowest (1.0

± 0.0,

Figure 3.llb). The effect of fire was significant (Table 3.3 - Fire),

with a significant difference between the summer burn and unburned treatments (Table
3.3 -Abundance). There was no significant effect of fences, nor an interaction between
fire and fence treatments (Table 3.3 - Fence, Fence*Fire).

The numbers of resprouting Eucalypt individuals (Figure 3.llc) were greatest on
average in the closed/summer treatment

(17.8

±

4.12 (se)), and lowest in the

closed/unburned treatment (0.0 ± 0.0). The effect of fire was again significant (Table
3.3 - Fire) due to differences between the control burn and unburned treatments, and
summer burn and unburned treatment (Table 3.3b - Resprouters). There was no
significant effect of fences nor an interaction between fire and fence treatments (Table
3.3 -Fence; Fence*Fire).
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After 18 months, more seedlings were recorded for the closed/summer treatment (24.8

±

11.2 (se)) than the other treatments (Figure 3.1 ld). The lowest number of seedlings (0.5

± 0.5) were recorded for the closed to humans/unburned treatment. The effect of fire
was significant (Table 3.3 - Fire) with significant differences found between the control
burn and summer bum treatments and summer burn and unburned treatment (Table 3.3
- Seedlings). There was no significant effect of fences (Table 3.3 - Fence), nor was
there a significant interaction between fire and fence treatments (Table 3.3Fence*Fire).

Table 3.3. Results of the Analysis of Variance (ANOVA) showing the effect of fire and
fence treatments on the species richness, total abundance, abundance of resprouters and
seedlings of Eucalypts after 18 months.
(a) ANOVA results
Factor

d.f.

Species richness

Total abundance

Resprouters

Seedlings

F

p

F

p

F

p

F

p

Fence

2

0.12

0.88

1.62

0.21

0.83

0.44

1.17

0.32

Fire

2

9.41

0.00

7.12

0.00

5.18

0.01

6.48

0.00

Fence*

4

1.30

0.29

2.37

0.07

2.31

0.08

0.81

0.53

Fire
error

39
'

(b) Post Hoc test - Fire
Tukey' s Pairwise Comparison test
Species

Total abundance

Resprouters

richness

Seedlings
I

control vs unburnt

0.35

0.06

0.03

0.37

summer vs unburnt

0.00

0.00

0.01

0.01

control vs summer

: 0.00

0.12

0.65

0.03

* Bold figures indicate a significant difference a = 0.05
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Figure 3.11 Regeneration of Eucalypt species after 18 months indicating the mean per
100m2 (±se) of (a) species richness (b) total abundance (c) abundance of resprouters and
(d) abundance of seedlings for each of the three fence treatments.
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3.3.5 Difference in percentage cover of grasses and non-grass species.

Themeda australis dominated all treatments ranging from 25% to 57% cover (Figure
3.12). In treatments where T. australis was not dominant, there was little ground
vegetation present as indicated by the large percentage cover of the non-vegetation
category. The percentage cover of the herb/shrub category was particularly low in the
open fence treatment compared with the other fence treatments, although this was not
statistically significant (Table 3.4) it is probably the reason that the overall effect of
fences was significant (Wilk's Lambda, P = 0.02). Generally, the percentage cover of
vegetation increased as a result of fire (Figure 3.12). However, only low cover of
vegetation was recorded in the open fence treatment compared with the other fence
treatments, resulting in no significant interaction between the fence and fire treatments
(Wilk' s Lambda P = 0.05) nor an effect of fire (Wilk' s Lambda, P = 0.06).

Table 3.4 Results of Multivariate Analysis of Variance (MANOVA) identifying the
effect of fence and the interaction between fire and fence on the change in percentage
cover of Themeda australis, Other grass species, Herbs/shrubs and non-vegetation.
Fence

Fence*Fire

Factor

d.f.

MS

F

p

Themeda

2

480.571

2.265

0.117

error 39
Other grasses

2

error 39
Herbs

2

error 39
non-vegetation

2

error 39

0.270

0.765

2.474

0.097

109.341

p

138.850

0.654

0.627

0.275

0.892

1.286

0.292

0.805

0.530

42.183

34.786
27.049

27.049
121.004

F

153.382

153.382
66.930

MS

212.203

212.203
41.466

I

1.107

0.341

87.993
109.341
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Figure 3.12 The change in percentage cover of non-vegetation, Themeda australis,
other grass species and shrub/herb species recorded for each fence and fire treatment (1
=control burn, 2 =summer burn and 3 =unburned treatments) after 18 months.

3.3.6. Changes in species composition
A total of 104 species were surveyed in the initial vegetation survey and 149 species
were found in the final vegetation survey of the 48 plots in this study (Appendix 1).
Thus, a total of 45 species (30% of total species richness) were recorded only in the
final survey. Five exotic species were surveyed initially. This increased to thirteen in the
final survey (Appendix 2). The families that were most speciose were Poaceae,
Fabaceae, Asteraceae, Myrtaceae, and Rubiaceae (Appendix 3). Of the total 42 shrub
species sampled 14 species was from the family Fabaceae, representing 33% of the total
number of species of shrubs.
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The analysis of patterns in plant community composition indicated that there has been a
general change in composition in all sites between the two sampling periods (Figure
3.13). The initial species survey clustered separately from the final species survey. This
had an average similarity of 48 % (average Bray-Curtis similarity) with the final species
survey having a similarity of 57 %. The average dissimilarity between the two survey
groups was 61 %. Six species contributed up to 50 % of the similarity of plots within
the initial survey cluster (Table 3.5). This differed from the final survey, which had
sixteen species contributing up to 50 % of the similarity of plots within this cluster
(Table 3.6).

• ••• ••
•••

..,

•
•
••
•

Figure 3.13 Ordination of plot (nMDS) showing the grouping of sites based on the
before and after vegetation survey. The filled in symbols represent the initial survey and
the empty symbols represent the final survey. The fire treatments are depicted by the
colours: black= control bum, red= summer burn and blue= unburned treatments. The
fence treatments are depicted by the symbol shapes: with squares
circles= open and triangles= closed to humans. Stress= 0.20.

=

closed fences,
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Table 3.5. The species contributing up to 50 % of the average Bray Curtis similarity
between the plots within the initial survey cluster. The cumulative % for the
contribution each species to the total average Bray Curtis value is shown.

Species

Cumulative percentage

Themeda australis

8.73

Glycine clandestina

16.82

Cheilanthes sieberi

24.46

Glycine tabacina

31.65

Lepidosperma laterale

38.07

Diane/la longifolia

44.29

Table 3.6. The species contributing up to 50 % of the average Bray Curtis similarity
between the plots within the final survey data. The cumulative % for the contribution
each species to the total average Bray Curtis value is shown.

Species

Cumulative percentage

Senecio madagascariensis

4.01

Lepidosperma laterale

7.67

Aristida vagans

11.18

Microlaena stipoides var. stipoides

14.52

Themeda australis

17.85

Wahlenbergia gracilis

. 21.06

Cheilanthes sieberi

24.26

Lagenifera gracilis

27.46

Brunoniella australis

I

30.67

Dichelachne micrantha

33.86

dianella longifolia

36.74

Opercularia diphylla

39.37

Euchiton involucratus

41.99

Hypericum gramineum

44.47

Glycine tabacina

46.94

Conyza bonariensis

49.41
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An Analysis of Similarity (ANOSIM), testing the effect of fire and herbivores on the
species composition found a significant difference between the fence treatments (Global
R

= 0.095, P = 0.047), however, there was no significant difference between the fire

treatments (Global R = 0.098, P = 0.086). The difference in the fence treatments was the
difference between the closed fence and closed to human fence treatments (P == 0.047).

A Simper analysis was performed on the presence/absence data of species sampled in
the fence treatments two years after the application of the treatments. Both fence
treatments recorded 16 species each that contributed up to 50% of the similarity within
each treatment. The closed fence treatment had an average similarity of 54%, whereas,
the closed to humans fence treatment had an average similarity of 61 %. The
dissimilarity between the two treatments was 44%. Forty species contributed up to 50%
of the dissimilarity between the two treatments, indicating that differences between
average abundances of a range of species is the cause of differences between the two
fence types (Table 3.7), rather than the dominance of a few species. In addition, 13
species were found only in the closed fence treatment, and six species found only in the
closed to human fence treatment (Appendix 1). These species were considered rare and
were unlikely to cause differences between the treatments. Therefore, the differences
between the closed and closed to human fence treatments were due to variation in
average abundance of each species recorded in both treatments, rather than a few
dominant species or multiple unique species.
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Table 3.7 The species contributing up to 50% of the average Bray Curtis dissimilarity
between the closed and closed to human fence treatments. The cumulative % for the
contribution each species to the total average Bray Curtis value and the average
abundance of each species within each fence treatment is shown.
Species

closed to

closed fence - avg.

Cumulative

humans fence -

abundance

percentage

avg.abundance
Desmodium varians

0.81

0.31

1.55

Lissanthe strigosa

0.25

0.69

3.05

Oxalis corniculata

0.75

0.31

4.54

Clematis aristata

0.63

0.25

5.94

Goodenia hederacea

0.31

0.62

7.32

Dichondra repens

0.81

0.44

8.69

Lomandra multi.flora

0.44

0.88

10.06

Acacia falcata

0.19

0.56

11.42

Poranthera microphylla

0.69

0.44

12.73

Convolvulus erubescens

0.69

0.44

14.04

Veronica plebeia

0.56

0.31

15.34

Astroloma humifusum

0.50

0.50

16.60

Dianella caerulea

0.31

0.50

17.85

Ozothamnus diosmifolius

0.50

0.31

19.09

Hibbertia aspera

0.56

0.56

20.34

Centaurium tenuiflorum

0.44

0.44

21.57

Hydrocotyle peduncularis

0.63

0.56

22.81

Pultenaea villosa

0.44

0.38

24.03

Paspalidium distans

0.63

0.56

25.26

Bossiaea prostrata

0.31

0.44

26.47

Digitaria ramularis

0.38

0.44

27.68

Eucalyptus fibrosa

0.63

0.56

28 .89

Acacia decurrens

0.75

0.56

30.09

Echinopogon caespitosus var.

0.44

0.38

31.29

Persoonia linearis

0.63

0.63

32.48

Eragrostis sororia

0.31

0.44

33.67

caespitosus
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Exocarpus strictus

0.31

0.44

34.86

Paa labillardieri

0.56

0.75

36.03

Senecio lautus subsp.

0.75

0.56

37.20

Hardenbergia violacea

0.81

0.56

38.36

Dillwynia parviflora

0.13

0.44

39.52

Anagallis arvensis

0.44

0.19

40.67

Eucalyptus tereticornis

0.31

0.38

41.79

Glycine microphylla

0.38

0.25

42.90

Lomandra confertifolia

0.75

0.62

44.01

Pratia purpurascens

0.75

0.63

45.12

Eucalyptus eugenioides

0.38

0.25

46.22

Sonchus oleraceus

0.25

0.38

47.32

Entolasia stricta

0.19

0.38

48.39

Austrodanthonia tenuior

0.19

0.38

49.47

lanceolatus
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3.4 Discussion
This study examined the effect of fire, grazmg and trampling by humans on the
regeneration of woody shrubs and Eucalypt species within the understorey of a remnant
of Cumberland Plain Woodlands. After 18 months post fire, the effect of the fire
treatments (unburned, control, and summer bum) had a significant impact on the species
richness and abundance of the woody shrubs and Eucalypts regenerating in the
woodland. It was considered that the probability of making a Type I error is likely to be
low due to the very strong effect of fire (ie. low p-valves). Even using Bonferroni
correction for the Analysis of Variance, and testing at P= 0.001, the fire factor is still
significant. Herbivores and trampling by humans were found to have little impact on the
regeneration of woody shrubs and Eucalypts. In contrast, neither fire nor trampling by
humans influenced the changes in percentage cover of grass and non-grass species and
species composition. It is hypothesised that changes in rainfall conditions throughout
the study may also account for the changes in species composition across all treatments
over the 18-month study period.

The effect of burning per se on the total species richness and the total abundance of
shrubs species seems to be more important than the timing of the bum. Species were
more diverse (Figure 3.6a) and more abundant (Figure 3.6b) in the burned treatments
than the unburned treatment (Table 3.2). This finding is supported by other studies
examining the effects of different fire seasons in Australia (Bradstock & Bedward 1992,
Whelan & York 1998).

In contrast, a difference between fire treatments was found for the regeneration of

Eucalypt species, with the species richness (Figure 3.11 a) and number of individuals
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regenerating by seed (Figure 3.1 ld) affected by the season of burning rather than simply
by the presence of fire (Table 3.3).

Resprouting shrubs were more abundant following fire, with the greatest number of
individuals recorded in the control bum treatment (except for the closed to humans
treatment) (Figure 3.6c). This result suggests that the summer bum resulted in the low
survival of individuals following fire compared with the control bum treatment. The
ability to resprout following fire is important to reduce the loss of species from a site if
fire is too frequent. In contrast, more Eucalypt species were recorded regenerating in the
summer bum treatment than the other two fire treatments. However, the number of
species recorded was generally low, reflecting the small number of Eucalypt species,
which occur in this plant community.

Individuals regenerating from seed were also affected by fire treatments. A general
trend was that more shrub and Eucalypt seedlings were sampled in the summer bum
compared to the unburnt treatment, however differences between shrubs (Figure 3.6)
and Eucalypts (Figure 3.11) were seen. The number of individual shrub seedlings was
not affected by the timing of the fire treatments (Table 3.2), with little differences
between the control and summer bum. In contrast, the timing of the fire treatment
influenced the abundance of Eucalypt seedlings, with more individuals recorded from
the summer bum compared with the control bum (Table 3.3).

Recruitment in some Eucalypts may not be fire-related (Gill 1997) and may be
invariably related to some event which results in bare soil and reduced competition from
other species. Myerscough (1998) speculated that of all the Eucalypt species in the
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Sydney region, the Eucalypts of the Cumberland Plain woodlands would be the most
likely species where seedling recruitment is not fire-related. Certainly field observations
(S Hill, pers. obs) made following the summer wildfire indicate that this fire was not a
crown fire, with most of the fuel consumption occurring in the understorey. Therefore,
this result suggests that the seedling recruitment of Eucalypts may not be determined by
fire, which supports the observations of Benson and McDougall (1998) for the
individual species typical of the Cumberland Plain woodland remnant. So what has
caused this difference between the two fire treatments? Conditions were favourable
enough 6 months after the summer fire, and resulted in a massive increase in seedling
numbers (Figure 3.10). If we observe the rainfall following the summer bum (Figure
2.2, Chapter 2) we can see that rainfall conditions were good. This trend is also
supported by the unburned and control bum treatments, which recorded an increase in
germination at the 9 to 12 month sample periods. In terms of real time these sample
periods are the same time. However, despite the interpretation of good rainfall
conditions the trend over time is that abundances decrease (Figure 3.10). Are we seeing
an initial flush in germination, which then decreases? If so then we would have also
seen an initial flush in germination in the other fire treatments. The most likely
explanation is that the timing of seed shed by these Eucalypt species is important. The
Eucalypts probably released mature seed within the 6 months following the summer
fire. These species of Eucalypt shed seed at maturity or soon after, and do not have a
soil-stored seedbank. Their seed has no dormancy mechanism and are wind dispersed
locally (see Benson & McDougall 1998). Despite the decreases in seedling abundances
(Figure 3.10) there is an indication that the timing of the bum and the timing of
favourable rainfall, in relation to the availability of mature seed, are important to

Eucalyptus germination in the initial post-fire period. A combination of available
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mature seed and favourable conditions within the 6-month post-fire period for the
summer bum probably resulted in differences between the control bum.

In contrast, most of the shrub species have a soil-stored seed bank (Benson &
McDougall 1994 - 1999), so the timing of seed release is less important. The presence
of fire seems to be more important than the season of burn, with more species and
individuals regenerating after fire than in the absence of fire (Figure 3.6).

Grazing was more influential than fire in modifying the cover of grass and non-grass
species. The difference can be seen in the low cover of shrubs/herbs in the open fence
plots compared with the other two fence treatments. However, after 18 months this
trend is not significant. The long-term trends are unclear but warrant further
investigation. There was no interaction between fire and fence type. Fire increased the
percentage cover of vegetation compared with the unburned plots (Figure 3.12). The
lack of significant difference of fire treatment may be due to the fact that the
open/unburnt treatment was the only treatment, which recorded a low percentage cover
of vegetation.

These findings are supported by the exclosure experiment by Leigh and Holgate ( 1979).
They found that grazing (with fire) decreased the percentage cover of vegetation, with
fewer tree and shrub species recorded on these plots. Where grazing and fire were
absent, the tree and shrub species were denser. However, shrub densities were lower
with grazing regardless of the fire treatment and it was concluded that fire was not
essential to maintain the shrub understorey.
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The similarity between the 48 plots increased from 48% to 57% during the study. The
level of dissimilarity between the before and after vegetation surveys is quite high
(61 %), indicating that a change in species composition did occur but not as a result of
the treatments. The analysis of patterns in species composition (Figure 3.13) indicated
that over time, the species composition of the plots became more similar (from 48 to 57
% average Bray-Curtis similarity). Forty-five species were recorded only in the final

vegetation survey and is believed to be a result of changes in rainfall conditions. The
amount of rainfall throughout the study varied between the years (see Figure 2.2
Chapter 2). Therefore rainfall changes were believed to influence the species
composition of the woodland as well as the abundance of shrub and Eucalypt species
regenerating in the woodland.

An Analysis of Similarity, testing the effect of herbivores and fire on species
composition found that fire was not significant but fences were. However, the Primer
statistical package used was unable to test for interactions between the two factors and it
is unclear whether an interaction occurs. What is clear however, is that the effect of
fences was significant with differences between the closed and closed to human
treatments. This difference was due to the average abundances of species that
contributed to the dissimilarity between the two treatments (Table 3.7). The fact that
these two treatments were both closed fences, as opposed to the open fence treatment,
suggests that the significant difference is not really that important in terms of the fence
treatments having a significant effect on the species composition. However, this does
indicate that species were present in both treatments but in difference abundances, and
probably as a result of spatial variation within the woodland.
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The scale of experimental burn plots is an important factor to consider. A concern in
studies investigating the interaction between fire and grazing is that the impact of
herbivores can often be found to be statistically significant due to the inadequate size of
the bum (Whelan 1995). Generally, small bums increases grazing intensity and
trampling whereas, the effect of herbivores is diluted for larger burns (Grubb & Hobbs
1986). Due to the size of the area burned by the wildfire in 1997, herbivores at
Holsworthy had a larger area to graze in than the experimental plots. A small burned
area may attract herbivores and therefore may not represent the situation for a largescale burn. An increase in replication of burned plots across the landscape may reduce
this effect.

This study considered control burns of 20m X 20m, however it also incorporated a
summer burn (an uncontrolled wildfire which burned a much larger area) into the
design. Even though the control burns in this study were quite small, higher community
diversity was found for resprouting herbs and shrubs and Eucalypt species richness,
abundance, resprouters and seedlings compared to unburnt treatments. In contrast,
summer bums were significantly more diverse than unburnt treatments for shrubs and
Eucalypts except for resprouting shrubs. This suggests that even though the scale of a
disturbance is important, in this case the burning of this remnant increased recruitment
of shrub and Eucalypt species.

Herbivores and trampling do not have a measurable impact at Holsworthy, due to the
size of Holsworthy (18 OOOha) and the potential large home range of the herbivores.
Grazing may occur at low intensity and not be detrimental to the regeneration of
understorey plant species in the woodland at Holsworthy. The effect of trampling on
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regeneration may be harder to determine, as the Small Arms Danger Area was
designated as a 'No Vehicle A' area late in 1997. This means that potentially no APC
were allowed to train in that area. The effect of trampling is also unlikely since the main
training activity in this area is Small Arms training making access very restricted.

72

Chapter4
Assessing herbivore activity
4.1 Introduction
Understanding the effect of herbivores on the maintenance of species composition and
structure is important in the conservation and management of vegetation subjected to
grazing (Neave & Tanton 1989, Wahren et al. 1994, Tiver & Andrew 1997, Olff &
Ritchie 1998). In order to do this, it is important to understand herbivore identity and
abundance and how activity levels may change following fire.

Two surveys were carried out in the Small Arms Danger Area, looking at the herbivores
using this area. The first survey involved the spot lighting of grazing animals in the
understorey. The aim of this survey was twofold. Firstly, it was a useful means of
identifying herbivores that were foraging in the woodland. Secondly, spotlighting was
used to identify whether the numbers of individuals foraging for food in this area
changed over time based on the assumption there would be an increase in palatable food
in the burned areas.

Herbivory may be more severe at the edge of burnt areas. Just after fires, animals in
unburned areas move into edges of burned areas and as food becomes available spread
out further into the burned areas (Southwell & Jarman 1987). The aim of the second
survey was to determine if there was a significant movement between areas in the
woodland that were burned and not burned based on the abundance of scats. It was also
another method of estimating the population density of the herbivores foraging in this
area. Scat surveys are a useful technique to estimate herbivore populations (Hill 1981). I
assumed that the presence of scats could be used as an indication of grazing herbivores
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in this area. In addition, I assumed that all herbivore species surveyed defecated whilst
grazing as is the case with Eastern Grey Kangaroos (Hill 1978).
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4.2 Methods
4.2.1 The spotlighting of grazing herbivores.
Spotlighting was carried out on three nights during January and March 1998. The area
was searched using two spotlights, on the back of a 4WD Ute, which was driven slowly
down the main fire trail running through the woodland. Spotlighting was done on nights
of fine weather, with some cloud cover since these are optimal conditions for
herbivores. The surveys started half an hour after sunset and continued for 2 hours. The
species and abundance of individuals were recorded. The identification of species was
based on Strahan (1983, 1995). No statistical analysis was done on this data due to the
low numbers of herbivores seen over the sampling period.

4.2.2. Scat collection
The first collection was set-up in the month following the 1997 summer bum.
Treatments were based on the distance from the boundary between the burned and
unburned areas. The treatments were burned near, burned far, unburned near and
unburned far. Each treatment site was located along Fire Road 16 and covered an area
approximately 200 x 250 metres. They were approximately 100 metre from the
exclosure sites in the area and each treatment site straddled the road. Plots closest to the
road were at least 20 metres from the edge so as to avoid biasing the sample with scats
from herbivores attracted to grazing by the edge of the road. The unburned far treatment
was located in the far northern section of the woodland furthest from the fire boundary.
The unburned near was within the unburnt area and the burned near was within the
burned area, both treatments were within 100 metres of the fire boundary. The burned
far treatment was the most southerly site. This was in the area of the woodland, which
had been burned in the 1997 summer fire.
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Fifteen circular plots (area = 1.2 m2) were randomly allocated within the areas of the
four treatments. Plots were at least 50 metres apart. Studies (Hill 1981, Perry &
Braysher 1986) suggest that a circular plot is more effective in giving a true estimate of
scat numbers than a quadrat. Each plot was cleared of old scats in late December 1997
(Time zero). Scats were collected 4 weeks after this time and thence every month for a
total of 12 months. Individual pellets were recorded rather than pellet groups. The
abundance of scats and the species of the herbivore were identified from each plot. The
identification of scats was based on Triggs (1996).

There were no data collected for the month of August due to unseasonably high rainfall
(see Figure 2.2). The data used in this month were averages of the data for July and
September. The collection of scats in August was abandoned as the collection of data
from the exclosure experiments took priority. It was also concluded that the heavy and a
large amount of rain would have caused the deterioration in the condition of the scats by
the end of the month. The scat data collected over the 12-month period were bulked
together into four, three-monthly intervals (three, six, nine and 12 months). This was
due to the high numbers of zeros occurring in the data from some collecting periods,
and thus affecting the normality of the data set.

To determine whether there was a significant difference between the 4 treatments,
unburned far, unburned near, burned far and burned near the total abundance of scats
data were analysed by a One-way repeated measures Analysis of Variance. The analysis
was performed on the four, three monthly intervals. Total abundance data was based on
the number of scats from all mammal species sampled. A Log (X + 1) transformation
was performed on this data to improve the underlying distribution due to the abundance
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of zeros in the data (Zar 1984). The different species were not analysed separately due
to the low numbers of scats per species.
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4.3 Results
4.3.1. Spotlighting survey.
The spotlighting confirmed that the four mam herbivore species foraging in the
woodland included Rabbits (Oryctolagus cuniculus), Eastern Grey Kangaroos
(Macropus giganteus), Common Wallaroos (M. robustus) and Swamp Wallabies
(Wallabia bicolor) (Figure 4.1). The number of herbivores foraging was similar during

January and March 1998, with generally low abundances recorded. The main difference
between the two sample periods was that Eastern Grey Kangaroos were only spotlighted
during March.
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Figure 4.1. The mean (±se) abundance for the 4 main grazing herbivores (Rabbit,
Eastern Grey Kangaroo, Common Wallaroo and Swamp Wallaby) spotlighted during
January and March 1998.

4.3.2. Scat survey
The scat data recorded the same suite of species present at all four sites (Figure 4.2).
More Rabbit scats were collected from the unburned far treatment compared with the
other 3 treatments. There was more Rabbit scats collected after 3 months than at any
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other time during the study. More kangaroo scats were collected after 6 months than any
other time. The abundances of Swamp Wallaby (Figure 4.2c) and Common Wallaroo
(Figure 4.2d) scats were generally low over the duration of the study.

Eastern Grey Kangaroo scats were found in the unburned areas and in the burned areas
near the fire boundary in the 3 months following the fire (Figure 4.2a). After this time
scats were found in both the burned and unburned areas near and distant from the fire
boundary.

Rabbit scats were generally found in the unburned area, with a few found in the burned
area near the fire boundary in the period 9 to12 months following the fire (Figure 4.2b).

Swamp Wallaby scats were found in the burned and unburned areas close to and far
from the fire boundary in the first 3 months following the fire (Figure 4.2c ). Between
the 6-month and 12 month sample period, scats were found primarily in the unburned
areas, except during the 12 month sample period, where scats were found in the burned
area near the fire boundary.

Common Wallaroo scats were found only in the unburned areas 3 months following the
fire (Figure 4.2d). Six months following the fire scats were found in the unburned area
and the burned area near the fire boundary. Nine months following the fire scats were
only found in the burned area furthest from the fire boundary. However, this trend did
not continue 12 months after the fire.
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Figure 4.2. The total abundance of (a) Eastern Grey kangaroo, (b) Rabbit, (c) Swamp
Wallaby and (d) Common Wallaroo scats collected from the four treatments unburned
far, unburned near, burned near and burned far over time.
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The scats were recorded in all four treatments over time, except for the burned far
treatment, which did not record any scats at the 3 month period (Figure 4.3). The
unburned far treatment recorded the greatest abundance of scats at the 3, 6 and 12
month sample periods. The lowest abundances for both burnt treatments were recorded
at the 6-month interval.
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Figure 4.3 The total abundance of herbivore scats collected over a 12-month period
with the 4 treatments unburned far, unburned near, burned far and burned near, with the
data from every three months bulked together.

Treatment (fire and distance from fire boundary) had a significant affect on the total
number of scats (Table 4.1 - Treatment). There was also a significant interaction
between treatment and time (Table 4.1 - Treatment

* Time).

A comparison of the

interaction of time and distance from the fire boundary found that there was a
significant difference for the 3 month period (P = 0.000) and the 6 month sample period
(P

=0.000)

(Table 4.2).
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Table 4.1 Results of the One-way repeated measures Analysis of Variance identifying
the effect of the treatment (fire and distance from fire boundary) and time treatments on
the total abundance of scats collected in the woodland.
Factor

d.f.

F-ratio

Treatment

3

8.145

p

0.000

I

error 56
Time

3

0.639

0.591

Treatment * Time

9

2.872

0.004

error 168

Table 4.2 Results of the One-way repeated measures Analysis of Variance identifying
the interaction of time and distance from the fire boundary.
Treatment (Distance from fire boundary)
Time

d.f.

3 months

3
error 56

6 months

3
error 56

9 months

3
error 56

12 months

3
error 56

MS

F

p

0.428

8.499

0.000

12.989

0.000

0.620

0.605

1.363

0.263

0.050
0.461
0.036
0.048
0.078
0.096
0.070
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4.4 Discussion
There are many different techniques used to determine the relative abundance of various
types of herbivores utilising particular areas. The use of pellet counts (Hill 1981,
Coulson & Raines 1985, Perry & Braysher 1986, Johnson & Jarman 1987, Wood 1988)
has been developed as an alternative to more labour intense techniques such as
spotlighting and transects observations. However, the low scat abundances made it
unrealistic to attempt to estimate the population size of the herbivores in this study. This
study was, however, able to identify the four main herbivores foraging in the woodland.
These included Rabbits (Oryctolagus cuniculus), Eastern Grey kangaroos (Macropus
giganteus), Common Wallaroos (M. robustus) and Swamp Wallabies (Wallabia
bicolor). I was able to make observations in regards to the movement of these
herbivores throughout the woodland after the 1997 summer fire based on the presence
of their scats.

Low abundances of foraging herbivores were spotlighted one and three months after the
1997 summer fire (Figure 4.1). Low abundances of scats were also recorded over a 12month period following the summer bum (Figure 4.2). These results could be attributed
to several factors.

In the first place there may be low numbers of herbivores on the range. Herbivores are

not really restricted by fences on the range other than the boundary fence and essentially
have 18 OOOha to roam in. Also, the eastern and southern boundary fences are not
animal proof and so animals can roam between the range and the surrounding areas of
Heathcote National Park and the Woronora and O'Hares Creek catchment areas.
Secondly, the sampling technique may have failed to adequately record the movement
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of herbivores though the area. This may certainly be the case for the scat survey, where
larger plots and more replicates were necessary to avoid a lot of zeros in the data (Hill
1981). The results of the spotlighting were also limited by the fact that observations
could only be made up to 50 metres into the woodland from the road. Thirdly, some
herbivore species prefer to forage in pasture-like areas rather than adjacent forested
area. Studies have recorded that Eastern Grey kangaroos (Southwell 1987) and Rabbits
(Wood 1988) prefer foraging in areas where there is an abundance of food and palatable
resprouting grass shoots. The most northern section of the Small Arms Danger Area is
cleared grassland. This area also contains the firing ranges and regular mowing controls
the height of the grasses. This area was usually lush with green regrowth (see Plate 2.1,
Chapter 2). It is unclear the number of animals which used this area to forage in,
however, it was common to see Rabbits, Common Wallaroos and kangaroos in this area
and thus, it may be an alternative food source than the burnt areas. It seems likely
therefore that grazing pressure during this study was quite low.

It is generally accepted that herbivores move into areas recently burnt to feed on the

palatable regrowth. Certainly, Aborigines hunted herbivores that were attracted to burnt
areas (Nicholson 1981). This study used the presence of scats to determine whether
herbivores had been utilising the burned and unburned areas in the woodland.
Generally, the unburned far area had more total scats than the other areas. Rabbit scats
were contributing the most to the total scat abundances recorded for this area (Figure
4.2b ), suggesting that Rabbits are common and significant consumers in these areas.
Certainly there were more actual sightings and evidence (warrens) of Rabbits in this
area than any other part of the Small Arms Danger Area.
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All four herbivores had scats collected from both the unburned areas and the burned
edge. Generally more scats were collected in the burned area after 9 and 12 months
compared with the previous two sample periods, indicating that with time herbivores
were utilising these areas. The increase occurred during the first spring/summer period
following the fire. It is unclear whether the increase was influenced by a change in
season. The burned areas generally recorded low abundances of scats, suggesting that
herbivores did not use this area to forage. However, early morning sightings of
Common Wallaroos indicate that animals are present in this area, though clearly in low
abundance.

These results suggest that the movement of animals was not restricted to one area of the
woodland. There was an increase in the number of animals foraging in the burned areas
during the later part of this study, suggesting that seasonal factors may also influence
herbivore activities. The findings of this study support the hypothesis that an influx of
herbivores into a burnt area occurs after fire. Southwell and Jarman (1987) found that
the utilisation by 2 out of the 3 native herbivores species studied and cattle increased
after burning in areas of pasture. However, it should be noted that Caughley et al.
( 1985) recorded no such influx of Red and Western Grey kangaroos. They, in fact,
recorded no change to the distributions of these species following a fire. They attributed
this result to favourable winter rains that stimulated growth in unburned as well as the
burned areas. This is possibly what occurred at Holsworthy, where favourable rain
occurred soon after the summer fire and continued throughout the study period. As food
would have been abundant throughout the area herbivores were unlikely to focus on the
burned area. This may have attributed to the low abundances of herbivores surveyed at
Holsworthy.
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Chapter 5
Investigation of the soil seedbank
5.1 Introduction
In fire-prone habitats seedbanks are an important component of plant communities
(Lunt 1990a). Species which are killed by fire, i.e. fire-sensitive (Gill 1981), rely on a
seedbank to recruit individuals following the passage of fire. Many studies have looked
at the seedbanks of species on sandstone substrates in Sydney and demonstrated the
importance of canopy-stored (e.g. Banksia ericifolia Bradstock & Myerscough 1981,
Zammit & Westoby 1987) and soil-stored seedbanks (e.g. Auld 1986a). The knowledge
of seedbanks of species and communities found on shale substrates in Sydney are less
known (see Thomas 1994). Where communities are highly fragmented and disturbed
such as Cumberland Plain Woodlands, the role of the soil-stored seedbank is extremely
important in terms of the regeneration potential and maintaining genetic diversity of
species within this type of community. Understanding the effect fire has on the soil
seedbank is as equally important as understanding the influence of fire on the standing
vegetation of a community.

Frequent fires may deplete the seed bank and reduce its regeneration potential (Auld
1987, Bradstock & O'Connell 1988, Clark 1988, Burgman & Lamont 1992). The
intensity of a fire may also affect the soil-stored seedbank, the standing vegetation and
species composition (Christensen et al. 1981, Auld & O'Connell 1991). Auld (1986a,
1986b) demonstrated that a large proportion of Acacia suaveolens seeds were located
between 0 and 5cm in the soil profile. The dormancy of these seeds is broken by the
heat in a fire. The heat from cool fires only penetrate the top layer of the soil, where as
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hotter fires can penetrate further down the soil profile. Fires of higher intensity were
found to stimulate germination of a greater proportion of the soil-stored seedbank for
this species.

For many species with hard seed coats, the breaking of seed dormancy by heat is
important to stimulate germination (Floyd 1976, Shea et al. 1979, Warcup 1980, Auld
& O'Connell 1991). Auld and O'Connell (1991) studied the effect of different heat

treatments on 35 legume species and concluded that the highest germination for most
species occurred at 80° C. They also concluded that little germination occurred in
response to low temperatures such as 40° C. Based on the species data collected during
the initial vegetation survey (see Chapter 3) it was recognised that legume species
represented a significant part of the total species surveyed (13% of total species, and
33% of total number of shrub species). Since these species represent an important
component of the woodland at Holsworthy, it is important to understand how different
temperature treatments affect the germination of species of the Fabaceae, and other
families, especially in a fire-prone habitat.

Studies of soil-stored seedbanks of different plant communities have shown that other
factors such as smoke and ash as well as heat stimulates seed germination (Enright et al.
1997, Read et al. 2000). It was beyond the scope of this study to investigate the effects
of smoke and ash, although it is recognised that these factors could influence
germination at Holsworthy.

The aim of this chapter were two fold; firstly to describe the life forms and life histories
of the species present in the soil-stored seedbank for the Cumberland Plain Woodlands
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remnant at Holsworthy; secondly to assess the response of species present in the soilstored seedbank to different fire intensities through simulated heating in laboratory
trails.
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5.2 Methods
5.2.1. The heating study

A pilot study was conducted to determine the appropriate methodology to undertake for
the main experiment. On the basis of this, the following design was adopted. Forty
samples (20 x 20 cm to 5cm deep) were randomly collected from sites within the
woodland in the Small Arms Danger Area during October 1997. It was assumed that
most seeds occurred between 0 - 5cm in the soil profile (Shea et al. 1979, Auld 1986a).
Each site had a similar cover of litter and had not been burnt for at least 2 years.

Each soil sample was sieved through a 1 x lcm metal sieve to remove rocks, litter, plant
material and bullets. The samples were air dried at room temperature and then heated in
an aluminium tray at one of two temperatures. For the cool temperature treatment, the
oven was preheated to 80°C. Samples were placed in the oven and left until the top of
the sample reached 40°C. Once this had occurred samples were left for a further 30
minutes, within which time the whole of the soil sample had reached 40 °C. For the hot
temperature treatment, the oven was preheated to 140°C, samples were left in the oven
until the top of the sample had reached 80°C. The samples were heated for a further 30
minutes by which time the whole soil sample had reached 80°C.

Samples were randomly allocated to treatment types: 80° C (referred to as hot), 40° C
(referred to as cool), unheated with litter (referred to as litter) and unheated (referred to
as control). Each treatment thus had ten replicates. An unheated sample, which included
the litter layer, was included in the study as the litter layer is an important source of
seeds (Simpson et al. 1989). It was also included to determine whether exotic species
were present in the litter layer of the soil seedbank. Fisher and Loneragan ( 1997) found
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that the greatest density of exotic species occurred in the litter layer. They concluded
that invasion by weed species germinating from the litter layer would pose a serious
threat to the conservation values of remnant vegetation in an urban situation. If viable
seed of exotic species are present in the woodland at Holsworthy then this has serious
implication for future management issues concerning the woodland and the use of fire
as a management tool.

The soil was then spread out to 2-3 cm deep on nursery seedling trays on top of a layer
of 1: 1 vermiculate/perlite mix. Vermiculate was used to ensure the soil did not dry out
and perlite was used to ensure there was sufficient drainage in each tray. The trays were
randomly placed in a glasshouse and watered twice a day with an automatic mist spray
system for 2 minutes duration each time. Once seedlings had emerged they were
identified and removed from each tray.

Seedling emergence was monitored for 30 weeks. Trays were left in the glasshouse for a
further 8 months to allow individuals to flower to aid in further identification of species.
Nomenclature follows Harden (1990, 1991, 1992, 1993), unless specimens were sent to
the herbarium in Sydney for identification.

In this study I did not attempt to estimate the size of the soil-stored seedbank at

Holsworthy. Generally, studies of soil-stored seedbank should have large numbers of
small samples rather than small numbers of large samples. Thompson (1986) found that
a minimum of 50 samples were required whereas Stewart (1999) found a minimum of
170 was require to adequately sample the soil-stored seedbank. However, I was unable
to collect more than 40 soil samples due to space constraints in the glasshouse. This
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study also did not attempt to determine the viability of seeds of each species although it
is recognised that this is an important factor in determining the diversity and
composition of the soil-stored seedbank.

5.2.2 Data analysis
Species were grouped into one of three life history categories (annual, perennial and
variable strategy) and one of six life form categories (grasses, graminoids, herbs,
shrubs, twiners and trees).

Species richness and abundance data were analysed by a one-way Analysis of Variance
(ANOVA) to test the effect of heating. Richness and abundance data were tested for
normality and found to be approximately normally distributed, so no transformations
were performed. Analyses were performed using SYSTAT (Systat 1996). A Tukey's
pairwise comparison test was performed on data that were significantly different to
determine where differences occurred (Zar 1984).

To determine whether there were differences in the species composition of each heat
treatment, multivariate analysis of the abundance data of species was performed using
PRIMER (Carr 1996). The abundance data was 4th root transformed to improve the
underlying distribution. Non-metric multi-dimensional scaling (nMDS) was used to
assess and display the similarity of the 40 soil samples. The similarity matrix for the
nMDS was based on the Bray-Curtis metric (beta = -0.05). The nMDS was constructed
in two dimensions. A similarity percentage (SIMPER) analysis, which produces an
average similarity for a chosen group, based on a Bray-Curtis index of similarity, was
used to determine the similarity of plots within each heat treatment. A SIMPER was
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used to identify plant species that contributed strongly to that similarity. An Analysis of
Similarity (ANOSTh1) was performed on the species abundance data to determine
whether heating had an effect on the species composition.
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5.3 Results
5.3.1 Floristic data

A total of 68 species, representing 26 families, were recorded across all heat treatments
during the soil-stored seedbank experiment (Appendix 5). Poaceae was the most
specious family (14 species), followed by Fabaceae (13 species), Asteraceae (7 species),
Cyperaceae (5 species), Myrtaceae (3 species) and Rubiaceae (3 species) (Appendix 3).
Eleven exotic species were recorded from 7 families; Asteraceae (2 species), Fabaceae
(2 species), Gentianaceae (2 species), Iridaceae (1 species), Onagraceae (1 species),
Oxalidaceae (I species), Primulaceae (I species) and one unknown species.

The total species present in the soil-stored seedbank were allocated to groups based on
their life form (Figure 5.1) and life history characteristics (Figure 5.2). Herbs dominated
the life form characteristics accounting for 43% of the total species present in the soilstored seedbank (Figure 5.la). Grasses and shrubs were a similar component of the
seedbank representing 21 % and 19% of the total species, respectively. Graminoids
represented 12% of the total species present in the soil-stored seedbank. Both tree and
twining species were small components of the seed bank each representing 3%. A
slightly different trend was seen with the total number of individuals present in the soilstored seedbank (Figure 5.lb). Although herbs dominated (67%), there was a greater
proportion in the number of grasses (20%) present and lower numbers of graminoids
(3%) and shrubs (6%) present (Figure 5.lb). Both tree (0.13%) and twining (4%)
species were a small component of the total number of individuals within the soil-stored
seedbank.

Allocation to groups based on life history characteristics revealed that perennials
dominated representing 77% of the species total (Figure 5.2a) whilst annuals accounted
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for 13% of the species total. Species with variable strategies represented 4% and species
that were unable to be identified represented 6% of the species total. Perennials also
dominated the total number of individuals present in the soil-stored seedbank,
representing 75% (Figure 5.2b). Annuals and unknown life history categories were
similar representing 11 % and 13 % respectively. Individuals were a variable life history
strategy represented the lowest proportion of the number of individuals at 1%.

When the species present in the soil-stored seedbank were compared with those present
in the standing vegetation (Appendix 4), ten species were found to be unique to the soilstored seedbank. When these species were compared based on their origin and lifehistory characteristics they included 3 native perennials (Dianella longifolia var.
stenophylla, Eragrostis benthamii, Paspalidium criniforme) 2 exotic perennials
(Cajanus cajan, Epilobium ciliatum) 1 native annual (Schoenus apogon) and 1 exotic
annual (Cicendia quadrangularis). Three species (Lomandra species 2, Poa species 1,
Weed species 1) were unable to be identified to species level, however it was possible to
distinguish them as separate species. These unknown species were not included in this
comparison of origin and life-history.
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(a) Total species richness

•grasses
II graminoids
Dherbs
~shrubs

II trees
II twiners

(b) Total number of individuals

Figure 5.1 Proportions of plant life form characteristics based on (a) total species
richness (n = 68) and (b) total number of individuals (n = 1433) collected from the soilstored seedbank at Holsworthy.
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Ill annuals
•variable
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(b) Total number of individuals

Figure 5.2 Proportions of plant life history characteristics based on (a) total species
richness (n

=68) and (b) total number of individuals (n = 1433) collected from the soil-

stored seedbank at Holsworthy.
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5.3.2 Species data
The soil-stored seedbank data were analysed to determine the response of species to
heating. Comparing the average number of species that germinated for each treatment
(Figure 5.3), the hot treatment recorded the gveatest number (12 ± 1 (s.e.)), whilst the
litter treatment recorded the least number of species (8

± 1). The effect of heating on the

species richness was significant (Table 5.1 - species richness) with the difference
occurring between the hot and litter treatment (Tukey' s pairwise comparison, P =
0.045).
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Figure 5.3 The mean species richness per sample (± s.e.) recorded for the heated
treatments: cool (40 °C), hot (80 °C), litter (control with litter) and control (unheated) (n

= 10).

Table 5.1 Results of the One-way Analysis of Variance (ANOVA) showing the effect
of heating on the species richness and abundance data for the soil-stored seedbank at
Holsworthy.
Source of variation

d.f.

Treatment

3

Error

36

Species richness

Abundance

F

p

F

p

3.022

0.042

1.240

0.310
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5.3.3 Abundance data

Overall, 1433 individuals were recorded from the soil-stored seedbank experiment. The
hot treatment recorded the greatest mean abundance of individuals (43 ± 6 (s.e.)) whilst
the cool treatment recorded the lowest mean abundance of individuals (29 ± 5 (s.e.)).
The effect of heating on the abundance of individuals was not statistically significant (P

> 0.05).
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Figure 5.4 The mean abundance of individuals per sample (± s.e.) recorded for the

heated treatments: cool (40 °C), hot (80 °C), litter (control with litter) and control
(unheated) (n = 10).

5.3.4 Species composition data

Analysis of species composition using non-metric multi-dimensional scaling did not
separate each treatment (Figure 5.5). However, an Analysis of Similarity (ANOSIM),
testing the effect of heating on the species composition found a significant difference
between the treatments (Global R = 0.219, P = 0.0000). A pairwise test (Table 5.2)
found that there was a difference between the cold and hot treatments, cool and control
treatments, hot and litter treatments, and the hot and control treatments.
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Figure 5.5 Ordination of plots (nMDS) for the abundance of species recorded in each
temperature treatment for the soil-stored seedbank at Holsworthy. Stress= 0.23.

Table 5.2 Results of Analysis of Similarity identifying the effect of heating on the
species composition of treatments of the soil-stored seedbank, Holsworthy.

Test

Global R

p

Global test

0.219

0.0000

1vs2

0.288

0.0010

1vs3

0.087

0.0530

1vs4

0.153

0.0020

2 vs 3

0.420

0.0000

2vs4

0.438

0.0000

3 vs 4

-0.040

0.7720

Pairwise

Bold values indicate NO significant difference. 1 = cool treatment;
2 = hot treatment; 3 = litter treatment; 4 = control treatment.
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Average dissimilarity values (using SIMPER analysis) between treatments ranged from
63% to 76% (Table 5.3), indicating that community composition was highly variable
between treatments. Species composition within treatments was also highly variable,
with few species contributing up to 50% of the average Bray-Curtis similarity for each
treatment (Table 5.4). Only two species contributed 50% of the average similarity for
the cool and litter treatments, while three species contributed 50% to the hot and control
treatments (Table 5.4).

A large proportion of species (38% of the total recorded in the soil-stored seedbank)
were unique to a particular heat treatment. Seven species were unique to the cool
temperature treatment (representing 18% of species recorded in cool treatment), four
species were unique to the hot treatment (10% ), three species were unique to the litter
treatment (9%) and 12 species were unique to the unheated control treatment (36%)
(Appendix 5).

Table 5.3 Average dissimilarity indices (calculated from average Bray-Curtis
dissimilarity indices) for the heat treatments of the soil-stored seedbank, Holsworthy.
I
I
2

3

2

3

4

74

71

69

76

72
63

1 =cool treatment; 2 =hot treatment;
3 = litter treatment; 4 = control treatment.
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Table 5.4 Species contributing up to 50% of the average Bray-Curtis similarity for each
treatment.
Treatment

Species

Avg.

Cumulative%

abundance
cool

hot

litter

control

Average similarity= 28.89
Oxalis corniculata

5.80

28.91

Themeda australis

2.30

47.06

0. corniculata

5.00

18.09

Glycine tabacina

2.40

31.50

Poranthera microphylla

3.10

44.08

T. australis

4.60

25.27

Hypericum gramineum

5.60

45.15

0. corniculata

6.50

17.45

T. australis

3.10

32.66

Cheilanthes sieberi

2.80

47.43

Average similarity = 36.0

Average similarity = 32.24

Average similarity = 41.55
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5.4 Discussion
The investigation of the soil-stored seedbank at Holsworthy found that herbaceous
native perennials species dominated the flora. The species germinated from the soilstored seedbank were found to be similar to those species surveyed in the standing
vegetation, indicating that recent management practises has not eliminated species from
the standing vegetation. The effect of heating was found to be important with influences
seen in the species richness and composition of treatments.

Only 10 species were unique to the soil-stored seedbank, and few generalisations can be
made about this data. Four species were exotic suggesting that new exotic species may
become future problems at Holsworthy if allowed to germinate and survive. A further 2
species were unidentifiable to species level, and may not be unique at all. Of the
remaining 4 species, 3 were native perennials and 1 was a native annual.

Overall, the most species-rich life form groups were herbs (43%), grasses (21 %) and
shrubs (19%). Graminoids represented 12 % of the total species recorded. The least
species rich were twiners and tree species (3% each). This result was similar to Thomas
(1994) although the proportions for herbaceous species were larger at the Prospect site
(64. 7%) and smaller for the other life forms. Small numbers of twining species surveyed
at Holsworthy reflected the levels present in the standing vegetation however, the small
number of tree species recorded in the soil-stored seedbank does not. Only 2 individuals
representing 2 species were recorded in the soil samples. This result was not unexpected
as Eucalyptus species lack a soil-stored seedbank and dominate the canopy (Wang
1997). Perennials species dominated the soil-stored seedbank (77%) whilst annuals
(13%) and species with variable strategy (6%) contributed a small proportion.
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Species were more diverse and abundant in the hot treatment than for the other 3 heat
treatments. However, only species richness was significantly different with differences
occurring between the hot and the litter treatments (P = 0.045). Generally, heating had
more of an impact on the number of individuals germinating (Fig. 5.4) from the soilstored seedbank than the number of species (Figure 5.3). Few differences were seen
between the treatments in the abundances of seedlings. The hotter temperature (80° C)
treatment stimulated more species and more individuals than the cooler temperature
treatment, indicating that hotter temperatures are important in the regeneration of
species from this woodland. Generally, more gemination in hotter temperature
treatments has been widely reported (Floyd 1976, Warcup 1980, Auld & O'Connell
1991). The study by Warcup (1980) reported that, at lower temperatures, more
gemination of species of Juncaceae and Cyperaceae family occurred. Some grass
species also had higher germination at lower temperatures. At higher temperatures
greater germination occurred with legumes, epacrids and species from Dichondra,
Opercularia and Poranthera genera. The reported trend for Juncaceae and Cyperaceae

species was not seen in the data from Holsworthy (Appendix 5), however, it was
evident in grass species such as Paspalidium criniforme and P. distans. More
individuals of Themeda australis and Panicum effusum were recorded in the litter and
control treatments compared with the heat treatments. The abundances recorded for
species including Dichondra repens, Opercularia diphylla, Convolvulus erubescens,
Poranthera microphylla were higher in the hotter treatments than the cool heat

treatment and the control samples, supporting the findings of Warcup (1980). More
individuals of legume species were also recorded in the hotter treatment compared with
the other treatments. Although some germination did occur in the cooler heat treatment
indicating that the response of species within one family can be quite varied.
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Differences occurred in the species composition of each treatment (Table 5.2). There
was little similarity between treatments (Table 5.3) and within treatments (Table 5.4).
The similarities within treatments were attributed to only 2 or 3 species. The low
similarity within each group can be attributed to the large proportion of species
recording low abundance of individuals (Appendix 5). There were many species, which
recorded less than 5 individuals per treatment, indicating that species variability was
quite high in the soil-stored seedbank regardless of the treatment they were recorded in.
The average dissimilarity between treatments ranged from 63 to 76%. The analysis of
similarity detected an effect of heating on the species composition, with differences
found between the cool and hot treatments, cool and control treatments, hot and litter
treatments and the hot and control treatments (Table 5.2). This suggests that heating did
have an effect on species composition. There was a large proportion of species (38%)
that were found to be unique to one treatment only (Appendix 5). There were no
obvious trends with this result, although the low abundance of individuals per species
may also suggest that there is a high spatial variability of species within the soil-stored
seed bank contributing to the effect of the treatments. The high variability in the data
suggests that higher sample sizes would determine individual species responses more
clearly.

Part of the design of this experiment included a litter treatment. The main reason to use
this litter treatment was to determine whether exotic species formed a large part of the
seedbank. However, the litter treatment was not the only treatment to contain exotic
species. Twelve exotic species were sampled from the soil-stored seedbank (Appendix
5), of these only 2 species were unique to the control plots. The litter treatment
contained 4 exotic species, however, they were also sampled in the other three
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treatments. The result of the Analysis of Similarity found that there was no difference
between the control and litter treatment in terms of species composition (Table 5.2, P =
0.7720). The average dissimilarity between these two treatments was 63%, indicating
that similar species were sampled in both treatments. Of the 17 species unique to the
control and litter treatments, three were unique to litter treatment only. This result
suggests that there was no real need for the fourth treatment. However, Simpson et al.
(1989) recognised the litter layer was an important part of the soil-stored seed bank in
terms of being an important seed source. An improvement to the sampling regime of
this experiment would include the litter layer in the soil samples to ensure the whole
soil-stored seedbank was measured.

This study found that the soil-stored seedbank of the remnant of Cumberland Plain
Woodland at Holsworthy was dominated by native perennial herbaceous species. It also
demonstrated that heating at 80°C resulted in more species and individuals from this
plant community germinating.
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Chapter 6
Concluding discussion
The principal aim of this study was to increase our understanding of the response of
shrub and Eucalypt species to disturbances of fire, grazing and trampling by humans in
the remnant of Cumberland Plain Woodlands at Holsworthy. Comparisons were also
made investigating the effects of these treatments on the percentage cover of grass and
non-grass species and species composition of the standing vegetation. An attempt was
made to identify the herbivore species and the abundance of these species utilising the
area. The soil-stored seedbank was investigated to determine the species composition
and the effect of different temperatures on the species germinating from the soil-stored
seedbank. Conclusions made on the basis of these results will form the main framework
for a plan of management for the Small Arms Danger Area at Holsworthy.

Discussions of specific results have concluded each of the preceding chapters and
specific results have been related to relevant literature. The aim of this concluding
chapter is to discuss the results of the Holsworthy project in the context of their
contribution to knowledge about the regeneration capacity of Cumberland Plain
Woodland vegetation. I also outline future management and research of the area at
Holsworthy.
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6.1 The effect of fire, grazing and trampling
The fire and grazing experiment (Chapter 3) was a one-time manipulation of a plant
community, which does not necessarily reflect a fire regime over a long period of time.
The effects of grazing and trampling were monitored 18 months following the fire
treatments. I found that there was no effect of grazing or trampling on the ability of
species to regenerate following fire. Although interpretation of the grazing and fire
experiment is limited by the lack of unburnt control plots, the data does provide strong
evidence that fire increases the richness and abundance of shrub and Eucalypt species
within this plant community. Most studies that have found an effect of grazing are longterm studies over a number of years, rather than months. The short-term nature of this
study may also limit the interpretation of the effect of fire and grazing treatments and it
is therefore very important that the experiment set up during this study be monitored for
a number of years. Fire was found to be important, with shrub and Eucalypt species
regenerating vegetatively and by germination of seed following both fire treatments.
This finding supports other work which has shown that fire is important for the
regeneration of flora species. Therefore, fire must form a major part of the management
of the Small Arms Danger Area at Holsworthy.

This study provides strong baseline data towards further research into the effect of fire
intensity, frequency and season on CPW at Holsworthy. The original design of this
experiment included only one fire event. Due to the unplanned nature of wildfires,
temperature data indicating the intensity of both fires were not collected. There was no
real difference in the response of species following the two fire events, although the
season of bum was found to be important for the regeneration of Eucalypt species, and
the reasons for this have been discussed in Chapter 3. This suggests that fire season may
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not be very important for shrub regeneration. However, to really understand the
difference between fire treatments it is important to measure the characteristics of fires
such as soil temperature measurements. The fires in this experiment occurred during
early spring and early summer. The important issue for fire management, in terms of
carrying out hazard reduction bums, is in which season is it appropriate for hazard
reduction to occur without causing the loss of species from the community. This has
been shown to be an important management issue for understorey species in
Hawkesbury sandstone communities (Clark 1988). Therefore, it is my recommendation
that the project continue to investigate the effect of season on the recovery of the
community by including an autumn fire treatment instead of the summer burn and
importantly the fire treatments should be replicated between years. This investigation
would form an integral part of the fire management plan for Holsworthy. Further work
looking at fire intensity and frequency would also be useful.

A dramatic change in species composition over the study period was observed and it is
hypothesised that this change was due to an increase in rainfall and not as a result of the
treatments. This is supported by the rainfall data during the study period (see Chapter
2). The increase in rainfall resulted in more species germinating as a result of favourable
conditions. What is unclear is the impact grazing may have when conditions are not
favourable and food is not plentiful. Long-term composition data would provide a better
understanding of how seasonal and climatic changes can affect this type of vegetation.

Grazing was more influential than fire on the percentage cover of grasses versus nongrass species after 18-months, and the effect over a longer time period should be
monitored. What is clear from the percentage cover data is that Themeda australis
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dominates the understorey vegetation. Other studies (Bryant 1973, Stuwe & Parsons
1977, Lunt 1994) have shown that the senescence of T. australis can out-compete other
herbaceous species and as a result a decline in species diversity may occur. At the time
of completion most of the T. australis had not reached the senescent stage of their
lifecycle and the continuation of this experiment would allow this question to be
answered. More data is needed to determine if this is a problem at Holsworthy. This will
involve the investigation of the effect frequent fire may have in maintaining species
diversity at Holsworthy.

The species observed in this study demonstrated a resilience which, indicated that
grazing and trampling following a single fire was not a catastrophic event that will
eliminate shrub and Eucalypt species from the plant community. Long-term data will
help managers demonstrate the effect different fire regimes may have on this
community and the true resilient nature of the species in Cumberland Plain Woodlands.

6.2 Herbivore activity and utilisation of burned areas
Four herbivores were identified in the burned and unburned areas of the woodland at
Holsworthy (Chapter 4). These were Rabbits, swamp wallabies, Common Wallaroos
and Eastern Grey kangaroos. Low scat abundances collected throughout the study may
indicate that the numbers of herbivores were not extensive in the area. Although the
technique may have been inadequate to sample abundances of animals, it is clear that
grazing pressure was low during this study.

Scats were found in both the unburned and burned areas, suggesting that over time
herbivores do not favour one area over another and that movements of animals during
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particular seasons may have more of an influence than simply whether an area is burnt
or not. It follows that the next logical step in the research at Holsworthy would be to
follow herbivore populations and vegetation change over a longer period of time, in an
attempt to understand the impact of herbivores in this area.

6.3 Soil-stored seedbank and simulated fire intensities
Investigations of the soil-stored seedbank found that herbaceous and perennial species
were more speciose and abundant in the vegetation while grass and shrub species
represented a similar component in the soil-stored seedbank (Chapter 5). Although the
species recorded in the soil-stored seedbank were similar to the standing vegetation, it is
unclear whether more fire sensitive species have disappeared from the area at some
period in the past.

Investigations of the soil-stored seedbank showed that many of the shrub species had a
soil-stored seedbank. The most important issue here is to adopt management strategies
that ensures that replenishment of the soil-stored seedbank occurs. This study
recognised that legume species represent 33% of the shrub component in the woodland.
Baseline data concerned with the time taken to flower and set seed for legume species at
Holsworthy following a fire is unavailable. If fires are too frequent in this woodland it is
quite possible that most of the shrub species will be unable to replenish their soil-stored
seedbank and become locally extinct.

Species found in the soil-stored seedbank responded favourably to high temperatures
with more species and more individuals stimulated to germinate at 80° C, indicating that
temperatures which heat the soil may be important in the regeneration of species of this
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woodland. Field experiments need to be established to determine whether the results of
the laboratory simulation can be replicated in the field. Ensuring that there is sufficient
heating of the soil profile by different fire intensities on soils that are predominantly
clay is also needed to determine if this affects different plant species.

6.4 Conclusion
In reviewing the findings made in this study, fire was shown to have an important

influence on the regeneration of species within the woodland at Holsworthy. As a
consequence it would seem that further investigation into the influence fires of different
frequency and intensities have on the regeneration of species in the woodland is
required for the following reasons:
1. The data collected in this thesis shows short-term trends of the measure of
interactions between disturbance factors. This thesis highlights the need to maintain
the current exclosure experiment to determine the longer-term responses of this
community.
2. This project showed that Themeda australis dominates the understorey vegetation.

T. australis had not started to senescence at the completion of the study. Therefore,
it is not clear whether over a longer period of time in the absence of fire herbaceous
species would be prevented from establishing due to the dominance of T. australis.
This is a really important point to establish, as the maintenance of species diversity
in the understorey is a vital part of the management of grassy woodland type
vegetation.
3. This thesis highlighted the importance of fire as a disturbance factor in a remnant of
Cumberland Plain Woodlands. Fire has been shown to be an important management
tool in the hazard reduction of different plant communities. Further investigation
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into the use of fire in hazard reduction management in this type of vegetation is
warranted. It is recommended that any long-term management of this area would
involve the investigation of the effect of fire season and frequency on the
regeneration of the plant community.

Cumberland Plain Woodlands were once widespread across the Cumberland Plain and
is now an endangered and fragmented community. With an increasing need for
management of these remnants as part of the recovery process for endangered
ecological units, understanding the ecological processes of this vegetation is vital. The
woodland at Holsworthy represents one of the largest remaining remnants of
Cumberland Plain Woodlands. It is of considerable significance as the woodland is
continuous with the surrounding sandstone vegetation communities and is an example
of the vegetation that once occurred on the boundary between the Cumberland Plain and
the surrounding sandstone plateaux. Given the high conservation status of this
woodland and the need for experimental management (Whelan & Muston 1991,
Williams et al. 1994) it is desirable that an experimental and monitoring component is
incorporated into the management plan at Holsworthy. This can be achieved through the
continued monitoring of the exclosure experiment plots.

This project is the first study, which has measured the interaction between different
disturbance factors on the regeneration of understorey species found in Cumberland
Plain Woodlands (CPW). This was also one of the first studies to look at the response of
the soil-stored seedbank to heating on CPW. It provides worthwhile data, which open
up new directions for research on CPW and highlights the need to continue current
experiments to determine longer-term responses of this plant community.
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Appendix 1 The final presence/absence survey of species recorded in the exclosure
experiment (Chapter 3). Numbers indicate the number of replicates/treatment each
species was found in.
Fence treatment:
·closed to all
A"'
Fire treatment:
B
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Brunoniella australis
6
4
Lagenifera gracilis
5
4
Dichondra repens
3
3
Lepidosperma laterale
7
5
Hibbertia aspera
4
3
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5
3
Daviesia ulicifolia
6
3
Glycine clandestina
6
4
species complex
Glycine tabacina
4
6
species complex
Hardenbergia violacea
2
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Eucalyptus crebra
6
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Eucalyptus fibrosa
3
5
Dianella longifolia
6
5
Panicum simile
3
4
Cheilanthes sieberi
4
7
Themeda australis
8
5
Acacia decurrens
3
4
4
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8
3
Hypericum gramineum
7
3
1
Convolvulus
erubescens
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Lomandra multiflora
6
4
6
Aristida vagans
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1
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Senecio lautus subsp.
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Entolasia marginata
8
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Senecio
madagascariensis
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2
2
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Paspalidium distans
1
Galium gaudichaudii
1
4
3
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Wahlenbergia gracilis
Hypochaeris radicata
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subsp. rubiginosa
Dichelachne micrantha
Poa labillardieri
Acacia f alcata
Bursaria spinosa var.
spinosa
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Oxalis comiculata
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Echinopogon
caespitosus var.
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Chorizema
2
parviflorum
Hibbertia obtusifolia
1
Boronia polygalifolia
4
Acacia longifolia
Plantago gaudichaudii
Stipa rudis subsp. rudis
1
Aster subulatus
1
Tricoryne elatior
1
Eucalyptus punctata
1
Gahnia aspera
Ptilothrix deusta
3
Eucalyptus moluccana
Allocasuarina torulosa
2
Pultenaea pedunculata
1
Persoonia levis
1
Austrodanthonia laevis
1
Opercularia hispida
Jacksonia scoparia
Dichanthium sericeum
Laxmannia gracilis
1
Xanthorrhoea concava · 3
Pomax umbellatum
2
Pimelea linifolia
1
Wahlenbergia stricta
Austrodanthonia pilosa subsp
pilosa
Plantago lanceolatus
Drosera peltata
1
Aristida ramosa var.
ramosa
Senecio hispidulus var.
hispidulus
Gamochaeta spicata
Panicum effusum
Sporobolus indicus var.
capensis
Olearia microphylla
Jsolepis cernua
Stipa setacea
Olearia viscidula
Macrozamia spiralis
1
Indigo/era australis
1
Billardiera scandens
1
Platysace linearifolia
Centella asiatica
Brachycome angustifolia var.
angustifolia
Phyllanthus hirtellus
1
Rulingia dasphylla
I

I

1

2

3

2
3
1
2

2
1
1

1
1

3

'

1

4

1

1
1

1
1

1

4

1
2
1

1

2
2

2
3
2

1

'

1

1
1

1
1
1

1

4
1

1

1

3

1

1
2
1
1
1
1

2

I

1

2
2

3

2

1
1
1

1

1

2

1
1

1
1

1
1
1

3

1

1

1
1

1
2

1

1

1
1
1

1
1

1

1
1
2

1
1
1
1
1

2

1
1

4

1

1

1
1

1

1

2
2

3
2
3

1

1
1

3

1

2

1
1
1

1
1
1

1
3
1
1
1
1
1
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Stackhousia vimmea
Notodanthonia
longifolia
Pultenaea retusa
Clematis aristata
Setaria gracilis
Juncus ochrocoleus
Melaleuca decora
Melaleuca nodosa
lmperata cylindrica
Allocasuarina littoralis
Richardia stellaris
Tricoryne simplex
Gompholobium minus
Syncarpia glomulifera
Angophora floribunda
Eucalyptus longifolia
Allocasuarina nana
Lobelia dentata
Microtis spp?
Brunoniella pumilio
Chrysocephalum
apiculatum
Geranium solanderi
var. solanderi
Pterostylis spp?
Petrophile sessilis
Breynia oblongifolia
Rapanea variabilis
Angophora costata
Senna spp?
Vittadinia cuneata var.
cuneata f onna minor
Maytenus silvestris

2

1

1

1
2

1

2

1

1
1
1
2
1
1

1
1
1
1
1

1
2
1

1
1
1
1
1
2
1
1
1
1

8
5
3
8
total# of
replicates/treatment (n)
total # spp recorded
=149
* A = control bum, B = summer bum, C = unburned.

1
1
1
1
1
1
4

4

8

1
6

2
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Appendix 2. Exotic species sampled in the exclosure experimental plots (Chapter 3) for
the initial (+) and final (•) vegetation survey used to determine changes in species
composition.

Family

Asteraceae

Species

initial

final

survey

survey

•

Aster subulatus
Cirsium vulgare

+

•

+

Gentianaceae

Centaurium tenuiflorum

Oxalidaceae

Oxalis corniculata

+

•
•
•
•
•
•
•

Plantaginaceae

Plantago lanceolatus

+

•

Poaceae

Setaria gracilis

Primulaceae

Anagallis arvensis

Rubiaceae

Richardia stellaris

+

•
•
•

Conyza bonariensis
Gamochaeta spicata
Hypochaeris radicata
Senecio madagascariensis
Sonchus oleraceus
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Appendix 3. Numbers of total species within the most specious families and percentage
contribution to the total numbers of species recorded at Holsworthy for the (a) species
survey in the exclosure experiment (Chapter 3) and (b) the soil-stored seedbank
experiment (Chapter 5).
Family

No. species

% total species

Poaceae

27

18

Fabaceae

19

13

Asteraceae

17

II

Myrtaceae

13

9

Rubiaceae

5

3

other families

68

46

Poaceae

14

21

Fabaceae

13

19

Asteraceae

7

10

Cyperaceae

5

7

Myrtaceae

3

4

Rubiaceae

3

4

other families

23

34

(a) standing
vegetation

(b) soil-stored
seedbank
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Appendix 4 The total species list for the Small Arms Danger Area in the Holsworthy

Military Area sampled between 1997-1999.
Family

Species

expt.
plots

Acanthaceae

Anthericaceae

Brunoniella australis

-v

B. pumilio

'1

Dichopogon strictus

-v

1

soil

found

seed

in

bank2

SADA3

#

#

Thysanotus juncifolius

Apiaceae

v

c

'1
'1

v

c

Aster subulatus

-v
-v
-v
-v

Brachycome angustifolia var. angustifolia

'1

c

Chrysocephalum apiculatum

v

Conyza bonariensis

-v
-v
-v

Euchiton involucratus

'1

Centella asiatica
Hydrocotyle peduncularis
Platysace linearifolia

Asteraceae

v
v

c

Laxmannia gracilis

T. simplex

Con

Cirsium vulgare

v

•

c
*

•

•

E. sphaericus

#

*
*
v
v

#

*
*
*

#

c

#

Facelis retusa
Gamochaeta spicata

•

G. calviceps

Helichrysum scorpioides
Hypochaeris radicata

-v

Lagenifera gracilis

"

Olearia microphylla
0. viscidula
Ozothamnus diosmifolius

TSC
4

c
c

D. fimbriatus

Tricoryne elatior

Reg

-v
-v
-v

*

•

v

c
v

•

c

Act 5
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Senecio hispidulus var. hispidulus

...;

v

S. lautus subsp. lanceolatus

...;

C?

S. madagascariensis

...;

Sonchus oleraceus

...;

Vittadinia cuneata var. cuneata forma minor

...;

*
*
v

Wahlenbergia gracilis

...;

W. stricta

...;

v

Allocasuarina littoralis

...;

c

A. nana

...;

?

A. torulosa

...;

c

Celastraceae

Maytenus silvestris

...;

v

Clusiaceae

Hypericum gramineum

...;

Colchicaceae

Burchardia umbellata

Convolvulaceae

Convolvulus erubescens

...;

•

v

Dichondra repens

...;

•

c

Gahnia aspera

...;

Lepidosperma laterale

...;

•
•
•

lsolepis cernua

...;

Ptilothrix deusta

...;

Campanulaceae

Casuarinaceae

Cyperaceae

•
•
•

c

•
#

Carex breviculmis

Schoenus apogon

#

c
c

v

c
c
v

•

c
c
c
c

•

Hibbertia aspera

...;

H. obtusifolia

...;

H. pedunculata

...;

•

v

Droseraceae

Drosera peltata

...;

•

Epacridaceae

Astroloma humifusum

...;

Lissanthe strigosa

...;

Breynia oblongifolia

...;

Phyllanthus hirtellus

...;

Poranthera microphylla

...;

Acacia decurrens

...;

c
c
c
c
c
c
c

Dilleniaceae

'

Euphorbiaceae

Fabaceae

•
•
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A.falcata

~

A. longifolia

~

•

A. suaveolens

#

A. ulicifolia

#

Bossiaea prostrata
Cajanus cajan

•
•
•
•

v
c
c

~

Daviesia ulicifolia

~

Desmodium varians

~

Dillwynia parvifolia

~

Glycine clandestina species complex

~

G. microphylla

~

G. tabacina species complex

~

Gompholobium minus

~

Hardenbergia violacea

~

Indigo/era australis

~

Jacksonia scoparia

~

v
c
c
c
c
c

Pultenaea pedunculata?

~

v

P. retusa

~

P. villosa

~

v
c

Senna spp?

~

•

•

•
•
•

Centaurium tenuiflorum

•

Cicendia quadrangularis

•

Geraniaceae

Geranium solanderi var. solanderi

~

Goodeniaceae

Goodenia hederacea

~

Haloragaceae

Gonocarpus teucrioides

~

Iridaceae

Patersonia sericea
Sisyrinchium species A
Juncus ochrocoleus

v
c

•
•

Zornia dyctiocarpa var. dyctiocarpa

Juncaceae

*

Chorizema parviflorum

Trifolium cernuum

Gentianaceae

c
c
c
c
c

•

?
#

*

#

v

#

*
*

#

v
c
c
c

#

*
?

E
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Lobeliaceae

Lomandraceae

Lobelia dentata

-.J

Pratia purpurascens

-.J

Lomandra confertifolia subsp. rubiginosa

-.J

L. multiflora

-.J

L. species 2

c
c
c
c

•
•
•

?

Myrsinaceae

Rapanea variabilis

-.J

Myrtaceae

Angophora costata

-.J

A. floribunda

-.J

Eucalyptus crebra

-.J

E. eugenioides

-.J

E.fibrosa

-.J

E. longifolia

-..J

E. moluccana

-.J

c
c
c
c
c
c
c
c

E. paniculata

-.J

v

E. punctata

-.J

E. tereticornis

-.J

Melaleuca decora

-.J

M. nodosa

-.J

Syncarpia glomulifera

-.J

Epilobium ciliatum

Orchidaceae

Acianthus fornicatus

•

•

Kunzea ambigua

Onagraceae

•

#

#

c
c
c
c
c
c
*

•

c

Caladenia caerulea

#

v

C. carnea

#

C. catenata

#

Dipodium punctatum

#

Diuris aurea

#

c
c
c
c

D. maculata

#

v

D. pardina

#

?

Glossodia major

#

c

Microtis parviflora
M. unifolia

v

•
#

c
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v

Pterostylis concinna

Oxalidaceae

Phormiaceae

P. curta

#

C?

P. saxicola

#

v

P. species 1

...;

Oxalis corniculata

...;

0. radicosa

...;

*
v

Dianella longifolia var. longifolia

...;

c

D. longifolia var. stenophylla

Pittosporaceae

Plantaginaceae

Poaceae

?

•

•

C?

•

c
c
c

D. caerulea

...;

Billardiera scandens

...;

Bursaria spinosa subsp. spinosa

...;

Plantago gaudichaudii

...;

v

P. lanceolatus

...;

Agrostis aemula

#

*
v

Aira cupaniana

#

*

c
c

Aristida ramosa var. ramosa

...;

A. vagans

...;

Austrodanthonia laevis

...;

?

A. pilosa subsp pilosa

...;

A. racemosa var. racemosa

...;

v
v

A. tenuior

...;

Cymbopogon refractus

...;

Dichanthium sericeum

...;

Dichelachne micrantha

...;

Digitaria ramularis

...;

Echinopogon caespitosus var. caespitosus

...;

Entolasia marginata

...;

E. stricta

...;

Eragrostis benthamii
E. leptostachya

...;

E. sororia

...;

•

c
c
•
•
•

•
•

v
v
v

c
c
c
v

c
C?

E
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lmperata cylindrica
Microlaena stipoides var. stipoides
Notodanthonia longifolia
Panicum effasum
P. simile

'1
'1
'1
'1
'1

Paspalidium criniforme
P. distans
Poa labillardieri

'1
'1

P. species 1
Setaria gracilis
Sporobolus indicus var. capensis
Stipa rudis subsp. rudis

c
c
v
c
c
v
c
v

•
•
•
•
•
•
•

?

'1
'1
'1

*
*

v
v
c

S. setacea
Themeda australis

Primulaceae

Anagallis arvensis

Proteaceae

Hakea gibbosa

'1"'

"'

•
•

*
#

Persoonia levis

Petrophile sessilis

"'
'1"'

Ranunculaceae

Clematis aristata

'1

Rhamnaceae

Pomaderris lanigera

Rubiaceae

Galium gaudichaudii

P. linearis

Opercularia diphylla

#

'1"'

0. hispida
Poma:JC umbellatum
Richardia stellaris

Rutaceae

Boronia polygalifolia

Santalaceae

Exocarpus strictus

Scrophulariaceae

Veronica plebeia

Sinopteridaceae

Cheilanthes sieberi

Solanaceae

Solanum prinophyllum

"'
"'
"'
"'
"'
"'
"'
"'

•
•
•

c
c
c
v
c
v
v
c
v
c
*

•

•

v
c
c
c
c
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Stackhousiaceae

Stackhousia viminea

-'1

Sterculiaceae

Rulingia dasphylla

-'1

Stylidiaceae

Stylidium graminifolium

Thymelaeaceae

Pimelea linifolia

-'1

Xanthorrhoeaceae

Xanthorrhoea concava

-'1

Zamiaceae

Macrozamia spiralis

-'1

unknowns

Weed species 1

#

•

1

-'1 =present in the Exclosure plots (Chapter 3) from the species composition data.

2

•=present in Soil-stored seedbank experiment (Chapter 5).

3

# = collected from the Small Arms Danger Area, not from any of the experimental

c
v
c
c
v
c
*

plots.
4

Regional Conservation status (Reg Cons) and, 5 Threatened Species Conservation Act

1995 (TSC Act). Species considered to be significant in the western Sydney region are
shown in bold. Listing adapted from James et al (1999).
C = conserved
V = vulnerable
E = endangered
*exotic spp
? unknown conservation status in western Sydney.
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Appendix 5 The total species list for the species germinating from the soil-stored
seedbank (Chapter 5). Numbers indicate the total abundance of each species recorded in
each heat treatment.

Lifeforms

Species

cool
total

hot total litter total control
total

grasses

IAristida vagans
Dichelachne micrantha
Digitaria ramularis
Entolasia marginata
Eragrostis benthamii
Eragrostis leptostachya
Microlaena stipoides var.
stipoides
Panicum effusum
Panicum simile
Paspalidium criniforme
Paspalidium distans
Poa labillardieri
Poa sppl
Themeda australis
Graminoids Carex breviculmis
Dianella longifolia subsp.
stenophylla
Gahnia aspera
Lepidosperma laterale
Lomandra multiflora
Lomandra spp 2
Ptilothrix deusta
Schoenus apogon
IAnagallis arvensis
herbs
Cajanus cajan
Centaurium tenuiflorum
Cheilanthes sieberi
Cicendia quadrangularis
Convolvulus erubescens
Dichondra repens
Drosera peltata
Epilobium ciliatum
Euchiton involucratus
Euchiton sphaericus
Galium gaudichaudii
Gamochaeta calviceps
Hydrocotyle peduncularis
Hypericum gramineum
Lagenifera gracilis
Microtis parviflora
Opercularia diphylla
Opercularia hispida

2
3

1
1
12

1
2
3

4
2

4
24
29

2

4
23
10

1
8
3

1
1
12
2
2
4

6

1

1
4
5
2
1

27
5

46
2
1

31
7

16

1
5
2

2

2
3
1
3

4
4
5
10
2
1

21
21
2
1
3
6

3

3

2
9
5

31
21

1
28
6

5
5
1

4

19
82
4
9
4

12
4

15
56

22
10

6
2

1
4
16
39

4
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shrubs

Oxalis corniculata
58
Poranthera microphylla
4
Pratia purpurascens
Sisyrinchium species A
2
Sonchus oleraceus
Trifolium cernuum
Veronica plebeia
Vittadinia cuneata var. Cuneata
fomiaminor
Wahlenbergia gracilis
14
Weedspp 1
!Acacia decurrens
3
!Acacia longifolia
Bossiaea prostrata
1
Bursaria spinosa
Chorizema parviflorum
4
Daviesia ulicifolia
6
Dillwynia parviflora
Hibbertia pedunculata
1
Indigofera australis
Kunzea ambigua
Ozothamnus diosmifolius
Pultenaea villosa
Senna spp?
2
Eucalyptus crebra
Eucalyptus fibrosa
1
Glycine clandestina
4
Glycine tabacina
1

50
31

75
6
5

5
1

1

3
3

4
3
I

22

27
2

twiners

21
7

9
1
2
4
12
6
1

I

trees

65
40
3

1

15

7

2
2
1

1
21
24

1

I

total abundance
total species

290
38

434
39

358
33

351
33

